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See that FLUXITE is always by you—in the house—garage—work- 
shop—wherever speedy soldering is needed. Used for 30 years in 
government works and by leading engineers and manufacturers. 
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FULLY AUTOMATIC 


NO CONTACTS . . . NO RELAYS 


The ‘‘Westat’’ constant potential rectifier enables the 

battery voltage in a fully automatic floating battery system 

to be maintained within the required limits, without any 

possibility of overcharging, any alteration of the controls 
or the use of D.C. saturation or thermal relays. 


“WESTAT” 


FLOATING 
BATTERY 
SYSTEM 

ALSO THE “NOREGG” 


SYSTEM FOR USE 
WITHOUT BATTERIES 





Write for descriptive pamphlet No. || L to Dept. E. & I., 
Westinghouse Brake & Signal Co., Ltd., Pew Hill House, 
Chippenham, Wilts. 
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Saxby & Farmer (india) Led., McKenzie & Holland (Australia) 
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Mechanic 









As Britain’s air power grows, the need for Radio/Wireless 
Mechanics increases ...... now, more than ever before, 
Radio/Wireless Mechanics are needed and they are 
needed AT ONCE. Keen young men between 18 and 
34, interested in the practical side of wireless, should 
volunteer immediately. They will be trained in the 
maintenance and repair of the most up-to-date radio and 
wireless equipment. Theirs will be a responsible job 
ie hiex a job upon which depends the safety of the air 
crews of the R.A.F. When peace returns their training and 
experience will stand them in good stead in civilian life. Go 
to-day to the R.A.F. Section of the nearest Combined Recruiting 
Centre (address from any Employ- 
ment Exchange) and tell them you 
want to volunteer for immediate duty. 












Armourers 
wanted too! 


ies 





There are opportuntt 
for keen men, with a 


Please send me details of Technica! 
sense, aged 


Duties in the R.A.F. 


mechanical 


between 18 and 42; willing 
sss poli a OR: DEMINIT ic scsnscsescesnsonimitinnsonsecions 
10 be ' 
maintain air armament, 
load and fuse bombs, etc. ADDRESS 
lo. ; 


—work that is essential 


to the offensive power of 
the R.A.F. To AIR MINISTRY INFORMATION 
BUREAU, KINGSWAY, LONDON 

Wala 
es RIN PERO EGR APS ER RAE TIARA LIS ENN RAED, 





TT16/AUG. 


Mm 
inj 











+1 
db 


o' 


ied 











August, 1941 


Monthly (published last day of preced- 
ing month) |/6net. Subscription Rates: 
Post Paid to any part of the World— 
3 months, 5/-; 6 months, 10/-; 12 
months, 20/-. Registered for Trans- 
mission by Canadian Magazine Post. 


Hlectronic 





Engineering 


INCORPORATING ELECTRONICS. TELEVISION AND SHORT WAVE WORLD 


Electronic Engineering 333 


PROPRIETORS : 
HULTON PRESS LTD., 
Editor: G. PARR. 


TELEPHONE : TELEGRAMS : 
CENTRAL 7400 HULTONPRES LUD, 
LONDON. 





EDITORIAL, ADVERTISING AND PUBLISHING OFFICES, 43-44, SHOE LANE, LONDON, E.C.4 





CONTENTS 


PAGE 


Editorial... a ae bas ae ane Bee | 


The Generation and Amplification of Micro-Waves 336 


The ‘‘ Wobbulator ”’ ... see san ie 3. a 
Ceramics in Valve Construction... in sik: 
Review of Progress in Electronics: V_... i 
The Technique of Receiver Measurements: |... 348 
Data Sheets VI, VII and VIII es Sis sea 
The Decibel... me me bid si so or 





PAGE 
An Improved Interference Suppressor... us. SG 
Automatic Background Control... “a eee 
A Standard Frequency Generator ... - a 
Tone Control Bridge Circuit iu a . 369 
H.F. Tuning Inductance aa ie ‘as + 3 
Abstracts of Electronic Literature ... ‘at oe ae 
Book Reviews ... ie ” a “ls x See 
Patents Record aie i ‘a a re | 




















15w. AC & 12-VOLT DC AMPLIFIER 
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HIS small Portable Amplifier operating either 

from AC mains or 12-volt battery, was tested 

by ‘‘ THE WIRELESS WORLD,”’ October Ist, 
1937, and has proved so popular that at Customers’ 
demand it remains unaltered except that the output 
has been increased to 17.2 watts and the battery 
consumption lowered’ to 6 amperes. Read what 
‘¢ The Wireless World ’’ said — 

‘“‘ During tests an output of 14.7 watts was obtained 
without any trace of distortion so that the rating of 
15 watts is quite justified. The measured response 
shows an upper limit of 18,000 c/s and a lower 
of 30 c/s. Its performance is exceptionally good. 
Another outstanding feature is its exceptionally , 
low hum level when AC operated even without 
an earth connection. In order to obtain the maximum 
undistorted ovtput, an input to the microphone jack 
of 0.037 volt was required. The two independent 
volume controls enable one to adjust the gain of 
the amplifier for the same power output from both 
sources, as well as superimpose one on the other, 
or fade out one and bring the other up to full 
volume. The secondary of the output transformer 
is tapped for loud speakers or line impedances 
of 4, 7.5 and 15 ohms.” 
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ctronic 


Encouragement 


ITH the appearance of the 
third issue of this journal in 
its revised form we may 

perhaps be excused for making a 
few observations on its progress. 

That it fills a vacant place in the 
collection of technical literature in 
this country we have ample assur- 
ance from the many letters of en- 
couragement and approval that have 
been received. It will continue to do 
so in the knowledge that the efforts 
of the Editorial staff have the sup- 
port of the majority of readers. 

Necessarily the first few months of 
progress are accompanied by experi- 
ments. New methods of presenta- 
tion and new ideas are being tried. 
Some of these have already been 
commented on approvingly and some 
will be modified as experience shows 
that they are not welcomed. 

Two criticisms that we have re- 
ceived deserve special mention. ‘The 
first is a note of regret that many of 
the features which were familiar to 
readers of Television and Short-Wave 
World have disappeared and that the 
journal is tending to become ‘‘ high- 
brow.’’ This is a convenient epithet 
to apply as criticism of any jour- 
nalistic or musical effort as it is so 
difficult to accurately define, If, for 
example, by ‘* high-brow ”’ is meant 
the use of more scientific terms and 
the avoidance of semi-technical jar- 
gon we plead guilty. A milliampere 
is a thousandth of an ampere and a 
mil is a thousandth of an inch, and 
no science is improved by slovenly 


use of terms which have a_ well- 


defined meaning attached to them. 
On the other hand, it is possible that 
a ‘* high-brow ’’ journal takes little 
account of the readers who are 
anxious to be up-to-date in what is 
going on in the technical world, but 
who are not so well up in the subject 
that they can follow highly technical 
articles written by engineers to whom 
the subject is second nature, 

This brings us to the 
criticism that has been made on be- 
half of the student and newcomer to 
electronics who feels that the journal 
would be of more use to him if some 
of the subjects could be dealt with 
in an introductory manner in addi- 
tion to the more solid ‘‘ meat ’’ of a 
technical article. This is a very im- 
portant point and one which will re- 


second 








Contributions 


Original contributions to this journal 
are invited and will receive prompt 
consideration. 

News items should reach the offices 
not later than the 15th day of the month 
for inclusion in the succeeding issue, 

Manufacturers are invited to submit 
apparatus and components for review, 
which will be’ returned as soon as 
possible, 

Drawings accompanying MS. need 
not be finished. Curves should be 
pencilled. 

The recommendations of the British 
Standards Institution for symbols and 
graphical symbols should be followed 
as far as possible. Particulars of these 
can be obtained from the Institution at 
28 Victoria Street, S.W.1. 








ceive special attention in forthcom- 
ing issues, 

Particularly at the present time, 
when the need for trained radio men 
is urgent, this journal will do every- 
thing in its power to encourage tech- 
nical education and any suggestions 
as to how this may best be done will 
be welcomed. 

It will, of course, be- realised that 
we, in common with all technical 
journals, are working under the two 
handicaps of shortage of paper and 
restricted contributions. The first can 
only be mitigated by careful selec- 
tion of matter and compressing it 
into the space available. 

The restriction on the nature of 
contributions at the present time 
means that many of the most inter- 
esting developments in radio and 
allied sciences must remain unpub- 
lished until science is turned again 
into more peaceful channels. 

A special word of thanks is due to 
the industry for its support and the 
confidence that it has shown in the 
future of this journal by advertising 
in its columns, The firms making 
use of these pages for advertising 
their products are all of sound stand- 
ing and well established in the radio 
and electrical industry, and while at 
the present time it may be difficult 
for them to supply the ordinary re- 
quirements of the industry they are 
reminding us that they are ready to 
give the same service that was ren- 
dered in the past, and which we hope 
will not be long before they are able. 
to render again. 
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The Generation and Amplification 


ICROWAVES have come to the 

forefront during recent. years and 

are entering the stage of more 
rapid development. This is the usual 
phase of any new technique when it 
reaches the stage of finding industrial 
applications (such as aeroplane _alti- 
meters, remote pick-up television equip- 
ments, etc.40 46)* One of the main ad- 
vantages of microwaves is the ease and 
simplicity with which they may be con- 
centrated into very sharp beams, and 
this feature is being applied on some 
American aerodromes to provide very 
satisfactory landing-beam systems*?. 

The object of this series of articles is 
to provide a review of some of the 
different methods available for the 
generation and amplification of micro- 
waves, and as there is no recognized 
definition for the upper wavelength limit 
of microwaves it is proposed to limit 
arbitrarily the majority of the discussion 
to valves operating at wavelengths below 
150 cm, (200 Mc), though in the case 
of negative grid amplifiers, valves oper- 
ating at somewhat longer wavelengths 
are included. 

A number of alternative methods are 
available for generating or amplifying 
very short wavelengths. These are: 

1. Negative grid triode or multi-elec- 
trode valves. 

2. Inductive 
Haeff 825). 

3. Klystron and G.E. velocity modu- 
lated valves. 

4. Deflected beam valves. 

5- Diode oscillators. 

6. Magnetrons. 

7. Barkhausen-Kurz. 

8. Retarding or braking field valves. 


output valves (RCA- 


The sequence of the above table 
should not, however, be taken to indi- 
cate any particular date precedence or 
virtue of a given system. 

It is natural to start with the nega- 
tive grid types, as these are so well 
known and are pre-eminent at the 
lower frequencies, and thus may be used 
as a standard of comparison. Recent 
developments, such as inductive output 
valves, Klystrons and velocity modu- 
lated valves, are of particular interest 
and will be treated later. 

The requirements of an efficient wide- 
band amplifier for use at ultra-high fre- 
quencies are: (a) low input and output 
loading loss; (b) low input and output 
reactive loading; (c) low mutual coup- 
lings between input and output circuit; 
(d) low lead and electrode losses due to 





* Figures refer to Bibliography to be 
given in concluding article. 


of Microwaves 


By C. E. LOCKHART 
Part |. 





Fig. 6. Ultra-short-wave oscillator showing 

double lead-out from electrodes. Due to this 

construction, oscillations can be produced up 

to 1,800 Me/sec. ~(Western Electric Co. 
D.156548.) 


H.F. resistance and radiation. In the 
case of oscillators, the requirements are 
generally the same except that (c) is not 
so important, but on the other hand in 
the case of the negative grid oscillators 
a small transit time between cathode 
and anode (e) is very important, as it is 
necessary to provide a 180° phase rela- 
tion between the grid and anode volt- 
ages and between anode voltage and 
anode current, in order to maintain effi- 
ciency with a normal type of oscillator 
circuit. 


Negative Grid Triodes and Multi- 
Grid Valves as Amplifiers 


These valves which are used exclu- 
sively for the lower frequencies fail to 
meet the above requirements to a vary- 
ing degree as the frequency is increased. 





Fig. 7. R.C.A. ultra-short-wave valve type 
1628, capable of delivering 34 W. at 500 
; Me/sec. 


(a) To understand the limitations ol 
valves at high frequencies it is necessary 
to visualize the electrode currents from 
a different point of view from that 
normally employed at low frequencies. 
When an electron leaves the cathode it 
produces image charges on all the elec- 
trodes (cathode, grid, screen, anode). 
The redistribution of these charges as 
the electron moves is affected by cur- 
rents flowing in the different clectrodes. 
The component of current in a given 
electrode due to an electron, therefore, 
starts immediately it leaves the cathode 
and ceases to exist as soon as it is col- 
lected by another electrode (such as, 
for example, the screen or anode). 
From the foregoing it will be realized 
that currents of considerable magnitude 
may exist in the control grid even 
though no electrons are collected by it. 

In the negative grid type valve the 
voltage applied to the grid affects the 
field at the cathode, and an alternating 
voltage applied to the grid will thus pro- 
duce a variation in the charge density 
of the electrons leaving the cathode. 
The high-frequency variation in the con- 
evection current (v) is then large all 
the way from the cathode to the anode. 
Each electron approaching the grid will 
induce a current in it and each electron 
receding from the grid while travelling 
to the next electrode will similarly in- 
duce a current in the grid. The current 
induced is proportional to the product 
of the electron charge density of ‘ p ”’ 
and the electron velocity ‘ v.” 

At the lower frequencies these two 
currents are sensibly equal and opposite 
so that no current flows in the grid, 
but as the frequency is increased the 
net induced current in the grid rises 
owing to the finite transit times altering 
the proportion of electrons approaching 
the grid to those receding from the grid. 

The resulting induced grid current 
may be resolved into two components, 
one in phase with the applied grid volt- 
age and the other in quadrature. It is 
the component in phase with the applied 
grid voltage which loads the input cir- 
cuit and can be expressed as an input 
resistancel-19, 

This energy abstracted from the input 
grid circuit will be transferred to the 
electron stream in the form of increased 
kinetic energy. The electrons will, 
therefore, on an average arrive at the 
anode with velocities equivalent to a 
potential greater than the potential ol 
the anode at the instant of impact. 

The excess energy delivered by the 
grid circuit to the electron stream is 
thus dissipated at the anode in the form 
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of heat, which in turn reduces the avail- 
able output from the valve. 

It has been shown (7a"d16) that the 
input loading (for the case where the 
input signal is small compared with the 
applied D.C. voltages and the transit 
times are comparatively small) may be 
expressed as an admittance equal to 

I gw*(r7,)? 
=— Re sis Sea GS) 


20 





Ri 


40: Gy: 4 ) 
ae ae 
27. +d, (n+1)? 3 d, (n+0) 

where 7, = transit time between cathode 
and grid. 

d,=grid to cathode spacing. 

d,=grid to anode or screen spacing. 

n= VE,/Velt--. oe (3) 

E, =anode or screen voltage. 

V of =lumped voltage, defined later in 
this article. 

The factor K is a correction for the 
loading effect of the grid-anode or grid- 
screen space, and this factor reduces io 
unity as the dimensions of this space, or 
more correctly the transit time in this 
space, is reduced to zero. 

A long transit time in the grid-anode 
space will also reduce the effective 
mutual conductance, though in general 
this effect is usually small compared 
with the limitation due to loading of 
the input circuit. 

The limiting wavelength at which an 
amplifier ceases to be useful may be de- 
fined as either the wavelength at which 
the input power is equal to the output 
power or the wavelength at which it 
ceases to provide an improvement in the 
signal-to-noise ratio. In the case of re- 
ceivers, the latter definition is preferable. 

As was shown recently in this jour- 
nal*® the figure of merit of a wide-band 
H.F. amplifier is proportional to 

g// CwC, vs (4) 
where g is the Mutual Conductance and 
Cw and Co are the input and output 
capacities respectively. At ultra-high 
frequencies we are faced with the 
further problem that both Cy and C, 




















Fig. 1. “ Coil-neutralized ’’ circuit in which 

the grid-anode capacity is converted into a 

high resistance by resonating with the 
inductance L1. 
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Fig. 2. (A) the Colpitts circuit for a single 
valve oscillator. (B) Similar circuit employing 
a half-wave open-circuited line. 


have to be kept small in order to enable 
reasonably efficient tuned circuits to be 
provided. 

With the increase of frequency the 
provision of neutralization becomes more 
and more difficult. By the use of speci- 
ally designed triodes having two separate 
connections to the grid and anode such 
as the Western Electric D156548, Stand- 
ard 3B/250 and RCA1628, it is possible 
to separate the output circuit currents 
from the neutralizing network and thus 
achieve neutralization at frequencies as 
high as 350 Mc.% 27 45 

At very high frequencies the usual 
form of bridge neutralizing circuits fails 
and it is preferable to employ the ‘ coil- 
neutralized ’’ type of circuit shown in 
Fig. 1. 

In this method of neutralization the 
low feed-back impedance provided by 
the grid-to-anode capacity:Cga is con- 
verted into a high resistance by resona- 
ting it with the inductance L,. The 
condenser C, acts only as a_ blocking 
condenser for the H.T. voltage. 

The provision of screened valves to 
greatly extend the frequency range has 
not met with much success, as in addi- 
tion to the increase in the capacities due 
to screening, it is very difficult to reduce 
the mutual reactances between electrode 
leads and the self-reactance of the 
screening electrode lead to a sufficiently 
low order.}3 17 

Screened valves for use at wavelengths 
up to the order of 100-150 cms., how- 
ever, do exist and are commercially 
available. 20 24 25 27 30 31 * 

In order to obtain a_ reasonable 
dynamic resistance for the tuned cir- 
cuits at U.H. frequencies, it is necessary 
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to reduce both the radiation and dissi 
pation losses of the tuned circuit and 
connecting leads. 

In the case of the tuned circuits this 
is best achieved by the use of low-loss 
resonant chambers (preferably closed) 
made of good conducting material. An 
example of this is the concentric line; 
other arrangements will be discussed 
later. 

As the radiation resistance of a length 
of wire ‘“‘Z’’ short compared to a } 
wavelength is proportional to(Z/d)’ 
(where \ is the wavelength) it is essen 
tial to keep the electrode connecting 
leads exceedingly short. This, together 
with the fact that a stage is soon reached 
when the valve electrodes themselves 
have to be considered as having distri- 
buted rather than lumped constants im- 
plies that the valve should be designed 
as part of the tuned circuits, or vice 
versa. 


Oscillators 

The majority of the remarks on am- 
plifiers apply equally to oscillators. ‘The 
most usual circuit employed for a single 
valve oscillator is the Colpitts, shown 
diagrammatically in Fig. 2a, where the 
tuned circuit consists of a parallel wire 
line L, L, forming a quarter-wave anti- 
resonant line and tuned by means of a 
sliding shorting condenser C1. The 
equivalent circuit in terms of lumped 
constants is shown in Fig. 2c, in which 
the line is, for convenience, represented 
as two adjustable inductances L. and 
L,. The condenser potentiometer of the 
Colpitts circuit is provided by the valve 
anode-to-cathode (Cyc) and grid-to 
cathode (Cgc) inter-electrode capacities. 
The line length for a given wavelength 
i; determined by the effective loading 
capacity Cog? 





Cac Cgo 
Cert = Cag + — (s) 
Cac + Cgc 
Actually the working grid-cathode 


capacity Cy should be used in the equa- 
tion instead of Cg¢ with a class C oscil- 
lator. Cy is very nearly equal to Cge 17. 

The grid leak resistance. R, and the 
anode feed resistance R, are connected 
to the nodal points of the line through 
small H.F. chokes. With parallel wire 
lines it is essential to operate the line 
under proper balanced conditions if the 
radiation losses are to be kept at a 
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Fig. 2 (C). Equivalent circuit of the Colpitts 
oscillator of Fig. 2 (A). 
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minimum. Equivalently, this implies 
that the currents in the two wires at 
any portion of the line must be equal 
and opposite. 

Unless the capacities Cac and Cyge are 
equal, earthing the cathode would upset 
the line balance and appreciably increase 
its loss. As these capacities have usually 
somewhat different values it is neces- 
sary to connect the cathode to earth 
through a high impedance. 

In Figs. 2a and 2b this high impe- 
dance takes the form of an anti-resonant 
quarter-wave concentric line L,, though 
any other form of high impedance, such 
as self-resonant chokes, would do. 

Instead of employing a quarter-wave 
shorted anti-resonant line tuned by a 
sliding condenser, a half-wave open cir- 
cuited line could be used (Fig. 2b), 
which has the advantage of eliminating 
problems of the sliding condenser C,, 
or alternatively other forms of low-loss 
resonant circuits, such as_ concentric 
lines or resonant chambers can be 
used,34 39 


The electrical length of the line and, 
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Fig. 3. Line with valve capacity and its 
equivalent circuit. 

















therefore, its dynamic resistance, are 
reduced owing to the loading effect of 
the reactance of C f:* While the reactive 
loading has less effect on lines of low 
characteristics impedance, it still pre- 
sents a serious limitation on the size of 
valve that may be employed at a given 
wavelength, or the shortest wavelength 
for which a valve can be built. 

A method of reducing the reactive 
loading of an electrode structure on a 
line is to bring out two sets of leads 
to the grid and anode electrodes and to 
arrange these in such a manner that 
the valve may form the centre portion 
of a half-wave line shorted at both ends 
or a whole wavelength line open at both 


ends, 26 27 


The line with the valve capacity is 
shown diagrammatically in Fig. 3, in 
which the half-wave line shorted at both 
ends has been resolved into two separate 
quarter-wave lines. Each of _ these 
quarter-wave lines is now loaded with 
only one half of Core In practice, im- 
provements in the maximum frequency 
of operation up to 4o per cent. by the 
use of this system have been reported.?6 

Western Electric D156548 and Stand- 
ard 3B/250 valves have been designed 
for this form of operation, and Fig. 4 
illustrates the circuit recommended for 
the latter valve which has an upper fre- 
quency limit of oscillation of the order 
of 17 cm. (1800 Mc). The tuned circuit 
consists of a shielded pair line working 





* See ELECTRONIC ENGINEERING Data 
Sheets in this issue, p. 351.—Ed, 
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VARIATION OF EFFICIENCY OF 
AMPLIFIERS & OSCILLATORS 
WITH THE INDEX TRANSIT ANGLE 


Fig. 5. Efficiency of Amplifiers and Oscillators at U.H.F. 


0; = wT, = (Tt/Tp) x 360 
Transit Time F-G, calculated on peak grid. volts. 
Tp = Period of R.F. wave. 


I 


Tt 


as a capacity loaded open-circuited whole 
wavelength anti-resonant circuit. The 
valve is directly heated and a quarter- 
wave concentric line is connected in 
each filament lead. 

The anode and grid feeds are con- 
nected to the nodal points of one of 
the half-wave lines. For the line recom- 
mended by the manufacturers — the 
characteristic impedance Z is 113.8 
ohms and the required length of line on 
each side of the valve may be calculated 
from the relation 


2m A 
Zs = j 113.8 cot — | —— 6) ohm: 
r 1.67 
or 
A 
Z ={ —— — 6 Jcms. 
1.67 
where 
A\=the operating wavelength in centi- 
metres. 


Z7=line length in centimetres. 


In addition to the increased small 
signal input loss of an amplifier with 
increase of frequency, in the case of 
Class B or Class C amplifiers the anode 
circuit efficiency will also drop owing to 
the anode current pulse changing its 
shape and lengthening its>time period 
with increase of frequency due to 
transit time effects. * 

This increase in. time over which 
anode current flows will increase the 





* See footnote on page 347. 
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Fig. 4. Circuit recommended for use with 
valves of the 3B250 type. (See Fig. 6). 





power lost by dissipation at the anode, 
and so reduce the anode efficiency (and 
also the power output) as the fundamen- 
tal frequency component of the anode 
current is reduced. 

In addition, it will be necessary to 
drop the anode volts in order to keep 
within the dissipation ratings of th 
valve. 

Fig. / shows a typical curve of the 
change of the relative efficiency of a 
negative grid amplifier valve with  fre- 
quency. This curve, which was obtained 
experimentally up to 240 Mc by the 

(Continued on page 347.) 
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The ‘ Ultra’ 


HE news that Messrs. Ultra Elec- 

tric, Ltd., have developed an in- 

cendiary bomb and fire detector is 
particularly welcome at the present 
time when attention is being directed 
on the more efficient protection of 
houses and business premises. 

One of the problems of fire-watching 
in the danger areas is the risk run by 
the watchers in exposed positions on 
the roof, particularly as their site must 
be sufficiently open to cover a wide 
area. If, however, part of the premises 
under their supervision is protected by 
an automatic fire indicator the necessity 
for open positions is not so great and 
they can be given a correspondingly 
increased amount of protection. 

The Ultra bomb detector is mounted 
in a circular die-cast case intended to 
hang on’ the wall in a convenient posi- 
tion in the room or warehouse to be 
‘‘covered.’’ In the front of the case 
is a stout glass dome covering a photo- 
cell, on the action of which the alarm 
depends. The appearance of the unit is 
seen from the photograph at the head 
of the page. 

It is intended for operation from A.C. 
mains of 200-250 volts 40-100 c.p.s. and 
the only additional equipment required 
is a dry battery or accumulator and an 
alarm bell. The consumption is 15 
watts—less than that of an average 
lamp. In addition to ringing an alarm 
as soon as light falls on the photo-ceill 
the circuit includes a safety alarm de- 
signed to operate when the mains are 
accidentally cut-off. There is thus no 
fear that the detector will be rendered 
inoperative due to local mains failure 
while the watchers are unaware of it. 


Installation 

The unit may be installed either as a 
bulkhead fitting, z.e., so that the cell 
looks down on the floor, or as a hang: 
ing case with the leads at the bottom. 
The relay in the interior of the case is 
gravity operated and wrong mounting 
will affect the performance, 

When choosing a site for the unit, 
care must be taken that there are no 
local obstructions which would prevent 
the light falling on the photo-cell. In 
offices a position near the ceiling is svg- 
gested and in stores, overlooking files 
of goods. In factory buildings the 
usual site is near the roof level in cne 
of the valleys. A fair estimate of the 
distance covered in an_ unobstructed 
view of the cell is 200 feet, but in con- 
gested areas of floor the detector should 
not be expected to cover more than too 
feet. 

When connecting to the mains the 
polarity of the Jeads should bé such that 
the red lead is connected to the “ live ”’ 
side of the mains. The case of the unit 
can then be properly earthed—an 
essential point. 

After the unit has been wired up and 
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switched on, the control lamp 
will glow, indicating that it is 
in order and ready for use. 
This lamp is connected to a 
winding on the main trans- 
former through the two left- 
hand contacts of the relay (see 
cigcuit diagram). When 
warmed up, the anode current 
of the valve is just sufficient 
to close these contacts and 
light the lamp. 

Valve or mains failure is 
indicated by the fact that the 
lamp is out, the relay not hav- 
ing closed. 

When the unit is ready for 
use, any extraneous:light fall- 
ing on the _ photo-cell will 
cause an increase in the anode 
current through the valve and 
close the right-hand contact of 
the relay, ringing the beil 
through the local battery. The 
bell will continue to ring until 
the relay has been re-set by 
switching off the unit. 

Instead of a local bell and battery 
device it should be possible to utilise 
the existing alarm circuit of a factory 
if this is available, the relay contacts 
being tapped in at a convenient point 
on the system, Messrs. Gent, of 
Leicester, have already devised ways 
of utilising the detector in conjunction 
with their alarm systems. 

The detector is supplied ready for 
connexion to the mains together with 
the necessary instructions. An addi- 
tional brochure is available for dealers 
and engineers who wish to demonstrate 
the unit to interested parties, giving 
suggestions for correct installation and 
demonstration conditions. 

An important query which is covered 
in the booklet is the probable effect of 
moonlight, gunflashes, or flares on the 
alarm device, and it is pointed out that 
light falling on the cell from directly 
overhead may be shielded by a board 
2 ft. square fixed over the unit. The 
possibility of the alarm being operated 
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Circuit diagram of detector. 
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Bomb Detector 





Photograph of the Ultra Incendiary Bomb 
Detector. 


by flares is of advantage as they are 
capable of as much damage as an 
incendiary bomb under certain condi 
tions. 

It is also recommended that the 
alarm be tested periodically in the 
same way that routine tests are carried 
out on fire alarm installations. A prac 
tical test is to flash a torch across the 
photo-cell and check that the alarm is 
given at the control room or wherevet 
the bell is installed. 

The maintenance costs are negligible, 
the only item which may require re 
placement being the valve. The esti 
mated life of this is six months under 
normal conditions of use of the alarm 
from dusk to dawn. The price of the 
standard unit is £8 15s. net, and it 1s 
subject to a guarantee for twelve 
months, valve excepted. 

The unit is not subject to purchase 
tax. 

A question that is often raised with 
regard to incendiary bomb detectors of 
this type is whether there is any 
Government approval. 

The I.E.E. Advisory Committee have 
already made a report to the Ministry 
of Home Security* and a specification 
covering the requirements of a satis 
factory detector is being prepared by 
the British Standards Institution. The 
manufacturers of this device -inform us 
that they are submitting production 
samples of the detector to the Fire In- 
surance Offices for approval, and that 
copies of this approval will be supplied 
when available. 

A sample detector is at present being 
tested at the offices of this journal and 
a test report will be published next 
month. 


* See Electronics and Television, 


May, 1941, p. 198. 
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The ‘‘ Wobbulator ” 


Frequency Modulation Applied to Circuit Alignment 


application of oscillograph tech- 

nique is the quickest and probably 
the most effective method of recording 
the response of an electrical network 
in terms of frequency. 

This visual method has come into 
general use among set manufacturers 
for production circuit alignment, and 
is preferred by engineers to the some- 
what laborious method of plotting the 
sensitivity of a receiver either side of 
the resonant frequency with a signal 
generator and output meter. 

The principle of operation is to apply 
a constant amplitude, but varying fre- 
quency to the 
circuit under 
test and let 
the output vol- 
tages so de- 
veloped _pro- 
duce a Y de- 
flection on a 
cathode - ray 
oscillograph. 

If the oscil- 
lograph tube 
is scanned 
horizontally at 
a rate propor- 
tional to the 
change in fre- 
quency the 
response curve 
of the circuit 
will be traced 
(Fig. 1a). This 
may be re- 
peated a num- 
ber of times a 
second to give 
a continuous 
picture. As 
will be seen in 
Figs. 1a and 
ib the curve 
may take the 
form either 


I: has long been realised that the 
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denser connected across the oscillator 
tuning circuit. The vanes were specially 
shaped to obtain a frequency sweep 
linear with respect to the angle of rota- 
tion of the motor shaft. This permitted 
the use of a linear time base for X de- 
flection. Unfortunately, the fly-back 
speed of the frequency sweep could not 
always be made to coincide with that of 
the time base and a confusing double 
trace resulted. 

In the place of the motor, some early 
commercial instruments used a vibrat- 
ing reed operated at mains frequency. 
The reed was at earth potential and re- 
presented one plate of a condenser con- 
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sistance can conveniently take the form 
of. a thermionic valve connected as 
shown in Fig. 2. 

The damping effect of this valve is 
easily controlled by varistion of the 
potential applied to its grid, This ar- 
rangement may be modified to give 
slightly greater variations in frequency 
by making the capacity of C, compar 
able with C,, and, therefore, part of the 
oscillator tuning circuit, It becomes 
apparent that as the effective resistance 
to earth presented by the control valve 
varies, the effective capacity of C, 
thrown across the tuned circuit also 
varies and a frequency change results. 

The forego- 
ing methods 


MIXER "MILLER" are not en 


tirely satisfac 
tory since a 
CO Fitsaeee nN 
amount of am- 
plitude modu 
lation is also 
present and 
the relation 
between con 
trol voltage 
and frequency 
deviation may 
not be strictly 
linear. 

Miller Valve 
—By utilising 
the property of 
a valve known 
as the ‘‘Mille: 
Effect’’ an 
other method 
of frequency 
modulation is 
made possible. 

The input 
capacity of a 
valve can be 
represented by 
its standing 
inter-electrode 


of a radio- eld 
frequency en- [Courtesy of A.C. Cossor, Ltd, Capacities plus 
velope or may Interior view of “ Wobbulator ’’ incorporating the circuits described. a capacity 


appear as a 
single trace after detection. 
Oscillators have been designed hav- 
ing constant amplitude characteristics, 
but capable of frequency variation or 
“‘ wobble ’’ about a mean frequency at 
a predetermined rate and are some- 
times referred to as ‘* wobbulators.”’ 
To obtain this frequency modulation it 
is necessary to vary at least one of the 
oscillator tuning elements either 
mechanically or electrically. 
Mechanical Frequency Modulation. 
—An early method of frequency modu- 
lation employed a motor-driven con- 


nected across the oscillator tuning cir- 
cuit. The “‘vibrator’’ system required less 
attention than the motor-driven type, but 
it, too, produced a confusing double trace 
unless special precautions were taken. 

All these mechanical systems shared 
the common disadvantage of moving 
parts and attention was, therefore, 
directed towards electrical methods of 
modulation. 

Electrical Frequency Modulation.—-A 
simple method of varying the frequency 
of an oscillator is to damp its tuned cir- 
cuit with a parallel resistance. This re- 


trans ferred 
from the anode circuit which in 
the case of a resistive load can be 
expressed as 
Cag (1 + A) 
where A = gain of valve. 

Since Cag (1 + A) is a function of the 
gain of the valve it can be varied by 
changes of applied grid potential. This 
capacity can then form part of the 
oscillator tuning circuit. 

An oscillator and modulator using 
this principle of operation is shown in 
Fig. 3. The Miller valve is a variable- 
mu pentode connected as a triode and 
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operating on the curved part of its char- 
acteristic, so that the change in fre- 
quency of the oscillator is linear with 
respect to the control voltage. This 
control voltage is applied to the grid of 
the Miller valve, but is prevented from 
grid-modulating the oscillator by the 
low capacity of C,. C, has an optimum 
value which determines to some extent 
both the linearity and the amount of 
frequency sweep for a given control 
voltage. 

It must not be overlooked, however, 
that the Miller valve has the full oscil- 
lator voltage applied to its grid and, 
therefore, its effective capacity is not 
the value which may be expected from 
its static characteristics. It should also 
be noted that the anode-cathode capacity 
of the valve is in parallel with its anode 
load so that as the operating frequency 
increases the gain of the stage decreases 
and the effective change of capacity 
will be proportionately less. 
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Fig. 2. Valve used as damping resistance. 





Reactance Valve.—This system is 
often referred to as ‘‘ The Inverted 
Miller” circuit, a misleading term 


perhaps, since it has little to do with 
the Miller Effect just described. 

Consider the circuit shown in Fig. 
4a. If a potential e, is applied be- 
tween terminal A and earth, a current 
i will flow through the phase shifting 
network RL and if the reactance wL is 
small compared with R, i will be nearly 
in phase with e,. 

A voltage e, will appear across [. 
and will lead the current i by go®. In 
the anode circuit a current will flow 
which is in phase with e, and leading 
e, by nearly go°. With the current 
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Fig. 4a. So-called “Inverted Miller’? circuit. 
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Fig. 1. Appearance of typical response curves. 





leading the applied voltage by nearly 
go° the network between the terminals 
AE is almost a pure capacity, its value 
being controllable by the gain of the 
valve. 

It may be noted that if the induct- 
ance L is replaced by a capacity, or the 
positions of R and L interchanged, the 
network appears as a variable induct- 
ance. This is often useful since then 
the relation df/f is a constant 
irrespective of the setting of the tuning 
condenser. 

The circuit diagram of an oscillator 
operating at 20 Mc/s. is shown in Fig. 
4b. A small inductance L, consisting 
of two or three turns of wire on a } in. 
diameter former is included in the 
phase-shifting network. This produces 
a true go°® shift, thereby avoiding 
amplitude variations over the swept 
frequency band. 


Heterodyne Oscillators.—Frequency 
modulated oscillators used for circuit 
alignment must have a set frequency 
sweep irrespective of the mean operat- 
ing frequency of the oscillator. 

As has been explained, a_ single 
oscillator can be made to produce an 
output such that df/f is a constant, but 
is unable to give an output where df 
is independent of the mean operating 
frequency. 

Heterodyne oscillators can do this, 
however, by utilising the beat fre- 
quency produced by two separate oscil- 
lators in much the same way as the 
intermediate frequency is obtained in 
a.standard super-heterodyne receiver. 
If one of these separate oscillators is 
frequency modulated, the beat fre- 
quency will also be frequency modu- 
lated over an equal band. If, in addi- 
tion to this, the frequency of the second 


‘oscillator is varied, the mean frequency 


of the beat will vary, but the modula- 
tion due to the first oscillator will 
remain unaltered, 

An oscillator of this type is shown in 
Fig. 5. The circuit in Fig. 3 is used to 
supply a frequency-modulated input to 
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a triode-hexode valve through a tuned 
filter. This filter suppresses harmonics, 
but is damped so as not to introduce 
amplitude variations over the swept 
frequency band. 

The triode section of the valve is em- 
ployed as a variable oscillator which is 
made to beat with the modulated fixed 
oscillator to produce the desired fre- 
quency in the anode circuit. This de 
sired frequency is separated from the 
other signals in the anode circuit by 
means of a flatly tuned transformer. A 
low impedance secondary winding on 
this transformer then supplies the 
signal to a standard output attenuator. 


“XX” Deflection of C.R.O.—It has 
already been stated that the horizontal 
scan of the oscillograph tube must be 
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Fig. 3. Input capacity of valve used for tuning. 





directly proportional to the frequency 
sweep of the alignment oscillator. 

This synchronising is easily obtained 
in electronic F.M, oscillators by apply- 
ing a fraction of the horizontal scan- 
ning voltage to the grid of the control 
valve, 

This scanning, or ‘* X”’ Deflection 
Voltage, can have any desired wave. 
form but, generally, a saw-tooth wave 
from a standard time base is applied 
because it produces a picture of uni- 
form brilliancy. 


Double Trace Method of Alignment. 
—In some networks it is necessary that 
the response curve should be adjusted 
until it is either symmetrical or asym- 
metrical by a known amount about the 
resonant or the mean operating fre- 





quency. By adjustment of control volt- 
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Fig. 4b. Circuit of 20-Me/s. oscillator. 
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ages it is possible to trace two curves 
simultaneously one being the reverse of 
the other. ‘This is particularly useful 
since they can be superimposed for 
direct comparison. 

One method of doing this is to scan 
the tube with a saw-tooth waveform as 
in Fig. 5a at the same time applying a 
triangular or pyramidal waveform 

Fig. 5b) to the F.M. oscillator. During 
the first stroke of the time base a 
response curve from negative to posi- 
tive in frequency is traced (at a a, 
5a and sb). Similarly during the 
second stroke a reversed curve is traced 
from positive to negative in frequency 
at b b,. Since the points a and b are in 
the centre of the C.R. screen, the two 
pictures are superimposed, but can be 
separated by setting the mean oscillator 
frequency slightly off the resonance 
point of the network, 

When only the symmetry of the 
curve is to be checked, a_ similar 
method may be employed. The 
pyramidal waveform may be replaced 
by a sine wave (see Fig. 5c). The pic- 
ture is then traced linearly, but the 
alignment oscillator frequency varies 
sinusoidally. The non-linearity intro- 
duced by this sinusoidally-modulated 
oscillator is, however, duplicated on 
either side of ‘the mid point of the 
response curve, and therefore, the trace 
will still appear symmetrical. 

Repetition Speed.—Repetition speed 
in F.M. alignment oscillators is an im- 
portant factor since high repetitive 
rates are liable to produce damped 
oscillations (ringing) in high-Q circuits 
resulting in a distorted trace. 

Most commercial instruments operate 
at about 25 traces per second, although 
it is sometimes argued that 12} traces 
per second should not be exceeded. This 
low repetitive frequency will cause the 
trace to flicker, although long-after- 
glow C.R. tube screens will minimise 
this unpleasant effect. 

Receiver Alignment.—The applica- 
tion of F.M. oscillators to receiver 
alignment is quite straightforward. 

The C.R. oscillograph is a high-im- 
pedance voltage-operated device and 
may be connected to the R.F. circuits 
Without materially effecting their 
operation, provided certain precautions 
are taken. 

A standard time base is made to pro- 
vide the “‘ X ”? sweep at 25 traces per 
second dnd the circuit under test pro- 
vides the “Y” deflection. Before 
these voltages are applied to the “ Y ”’ 
plates, it is preferable to demodulate in 
order to convert the modulated carrier 
(Fig. 1a) into a single trace on the 
screen (Fig. 1b). The receiver con- 
veniently supplies a circuit for this pur- 
pose in the form of the detector which, 
in the case of a super-het., is generally 
a diode. The oscillograph may, there- 
fore, be connected directly across the 
diode load. It is necessary to avoid the 
use of coupling condensers since the 
repetition speed or modulation fre 
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Fig. 5. Method of obtaining double trace. 





quency is necessarily low and the time 
constants of the receiver circuits are 
too short to faithfully reproduce the 
curve. 

Before accurate alignment of a re- 
ceiver is attempted, any special circuits 
such as those used for the automatic 
controi of volume or tuning, must be 
made ineffective. 

The alignment of the I.F, stages of 
a super-het. is representative of the 
method employed for the whole re- 
ceiver. The local oscillator in the re- 
ceiver is made inoperative and _ the 
alignment oscillator is applied to the 
control grid of the Zast I.F. amplifier. 
The oscillator is then adjusted to sup- 
ply an input signal at the intermediate 
frequency of the receiver, having a fre- 
quency sweep equal to or greater than 
the bandwidth the stage is required to 
pass. 

By adjustments to the last I.F. trans- 
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former its response curve will appear 
on the screen. It may sometimes be 
necessary to use an amplifier if the 
‘““Y ” deflection is too small for quali- 
tative analysis. Most commercial oscil- 
lographs incorporate an amplifier hav- 
ing a frequency response flat to less 
than 25 c.p.s. and capable of amplify- 
ing the “Y” voltages without 
distortion. 

When the response of this stage is 
satisfactory, the oscillator output is ap- 
plied to the grid of the previous stage 
and the procedure repeated until all 
the transformers are in alignment, 

Since the final I.F. response curve 
should be symmetrical it may therefore 
be checked by one of the ‘‘ double 
trace ’’ methods described earlier. 

Commercial Instruments.—A number 
of commercial instruments are manu- 
factured for receiver alignment.* They 
consist of an oscillator and an oscillo- 
graph, Alignment or ganging oscilla- 
tors generally cover most frequencies 
between 100 k/cs. and 20 M/cs. and 
allow for adjustable frequency modula- 
tion of the order of + 15-20 k/c. Four- 
hundred-cycle amplitude modulation is 
generally provided for normal circuit 
testing together with a 4oo-cycle sup- 
ply for the low-frequency portion of 
the receiver. An attenuator is included, 
but is not necessarily calibrated since 
the only requirement is that the output 
voltage should remain constant over 
the swept frequency band. 

The oscillograph incorporates a 
cathode-ray tube, a linear time base for 
‘““X ” deflection and “‘ Y ”’ amplifiers 
capable of handling the low fre- 
quencies encountered. 

The oscillator and oscillograph are 
generally manufactured as_ separate 
instruments since the oscillograph has 
wide applications elsewhere. 

The author wishes to express his 
thanks to Mr. A. N. Melchior for his 
helpful suggestions, and to Messrs 
A. C. Cossor, Ltd., for permission to 
reproduce the circuit details. 
*Electronics and Television and 
Short-wave World. Jam., 1940, pp. 28, 
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Fig. 6. Circuit diagram of complete frequency modulator. 
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Ceramics in Valve Construction 





the development of a 
D U.H.F. generator it was found 
at frequencies approaching 3,000 
Mc/sec. that the losses in the glass of 
the valve were considerable. The fol- 
lowing notes are the result of an in- 
vestigation into the use of low-loss 
ceramic material for the seals, with 
particular reference to the work which 
has already been done in Germany. 

In that country developments have 
taken place in the manufacture of direct 
metal-ceramic seals and seals using 
glass as an intermediate material (Fig. 
1). It would seem that the metal- 
ceramic seal is the better method, since 
the glass seal tends to reintroduce the 
losses, the reduction of which is the 
main object of the use of ceramic 
material, 

A further disadvantage is that metal- 
glass seals, such as are used for the 
sealing of leads into ceramic valves, are 
very prone to cracking. Attempts have 
been made to overcome this particular 
difficulty by covering the whole of the 
base of the tube with a glass melt. It 
seems, however, that this is impractic- 
able, and again defeats the original ob- 
ject by reintroducing the glass losses. 

Nevertheless, the  Steatit-Magnesia 
A.G. of Berlin have specially designed 


ceramic materials for the purpose of 
sealing to glass. 
LEAD OUT 


By R. HOWARD 





A ceramic envelope valve of German construction 


On similar lines the Glasswerk Gust. 
Fischer, a German glass-manufacturing 
company, have developed glasses for 
sealing to ceramics, notably ‘ 357,”’ for 
sealing to ‘‘ Calit ’’? and ‘* Calan,”’ cera- 
mics made by the Hescho Company and 
‘* Frequenta,’’ and ‘‘ Kerafar,’’ made by 
Steatit-Magnesia A.G., and also ‘‘ M 
Glass,’’ for sealing to ‘‘ Steatite,’’ made 
also by Steatit-Magnesia A.G. 

These glasses are somewhat harder 
than lead glasses, and have a coefficient 
of expansion of about 70x 10’* for ‘‘ M 
Glass ’’ and 66X10 7 for ‘* 357.’’ The 
coefficient of thermal expansion for 
natural steatite is 60—65 X10’. 

These glasses are of some importance, 
for, while it is possible to do away with 
glass for sealing the leads into the en- 
velope, the problem of sealing the valves 
on to a vacuum pump (to be referred to 
later) is still a large one. 

To return to the problem of sealing 
leads to a ceramic envelope. Consider 
first the problem of a small tube, when 
glass is used as a sealing means. In 
most cases the lead is first wetted, and 
then jigged into position and sealed to 
the ceramic (see Fig. 1), in some cases 
in an atmosphere of hydrogen or other 
neutral pressure. 

Hard glasses are mainly used for these 
small seals, as the soft glasses-of similar 
* See table on page 376 
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coefficients of expansion to the ceramic 
prevent the effectual heating of all the 
materials to be interconnected, and 
create difficulties in the choice of 
materials to be used for the leads. 

Where larger metal-ceramic seals have 
to be made, a more favoured method is 
that of shrinking the metal part on to 
the ceramic material and using glass as 
a means of making the joint vacuum- 
tight, rather than using it to make the 
joint itself (see Fig. 2). 

Another type of seal, which again does 
not use glass an actual - sealing 
means, but more as a method for ren- 
dering the seal vacuum tight, can be 
seen in Fig. 3, in which the metal and 
the ceramic, or the two ceramics, form 
a butt joint around which a glass melt 
is formed, thus making the seal vacuum- 
tight. 

A joint in which the glass actually 
does form the seal is shown in Fig. 4. 


as 


~The glass is used to join the ring of 


ceramic, which forms a ring seal, to the 
ceramic tube comprising the envelope. 

While there are numerous disadvan- 
tages to the metal-glass-ceramic con- 
struction, such as fabricating problems, 
annealing difficulties, unreliability of 
seals, and, above all, greater losses at 
ultra-high frequencies, there is very little 
to be gained, except possibly in reduc- 
tion of cost. 

Now consider the other aspect of the 
problem, that of direct metal-ceramic 
seals. Metal-ceramic seals are in the 
main more expensive to manufacture, 
but they are not open to criticism on 
the same grounds as the glass seals. 
There is no increase in dielectric loss at 
ultra-high frequencies, they are not sen- 
sitive to critical temperature changes, 
and are therefore easier to de-gas, and 
are not prone to cracking or seepage 
and subsequent loss of vacuum. 

There are two main types of metal- 
ceramic seals, the first being a coaxial 
type of seal very similar to the lead-in 
seals using glass, previously described, 
except that the actual sealing metal (in 
most cases silver) does not extend the 
whole length of the lead in the ceramic 
but is melted into a conical depression 
on the outside of the seal (see Fig. 5). 

This method would seem to be rather 
a crude adaptation of prior metal-glass- 
ceramic seals. 
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The other type of seal is more highly 
developed, and it is best to describe it 
in greater detail. 

Dealing first with the problem of join- 
ing two surfaces of ceramic, a major 
consideration is that the two surfaces 
should fit as precisely as possible at the 
point of contact. A considerable im- 
provement can be made in this respect 
by grinding the parts in. 

An adherent layer of metal is then 
applied to the two faces, ‘either by sput- 
tering on in vacuum, by electroylisis, or 
by sintering powdered tungsten or 
molybdenum on to the surface of the 
ceramic. 

Carbonyl iron has been suggested as 
an alternative to tungsten or molyb- 
denum, 

In the cases where the metal has been 
sputtered on in vacuum or applied by 
electrolysis, the mechanical stress of 
the joint between the metal and the 
ceramic may be too great if the thick- 
ness of the metal exceeds 0.1 mm. The 
layer must not, however, be so thin as 
not to fill the spaces which may be left, 
even after grinding. 
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the flat metallized face of the bush and 
is soldered to it, thus forming a vacuum- 
tight joint (see Fig. 7). 

The disc need not be an integral part 
of the lead, but may be soldered to it at 
the same time as the soldered joint to 
the ceramic is made. 

In most cases this type of seal has 
been made, using a metal of similar 
coefficient of expansion as the ceramic 
itself, such as nickel-iron, using silver 
as the soldering means. 

Usually, the soldering operation takes 
place in a non-oxidizing atmosphere. 

There is no apparent reason why, for 
U.H.F. work, the annular disc should 
not be made of copper, provided that it 
is kept thin in cross-section. The whole 
lead, including the integral disc, could 
then be machined from a copper rod. 

As a matter of interest it is worth 
while mentioning a method, primarily 
intended for use in large mercury-arc 
rectifiers, for sealing a metal lead insu- 
lated by a ceramic inset to a metal en- 
velope. In this case the metal is soldered 
direct to the ceramic, without any prior 
metallizing whatsoever. 

A metal tube is fixed projecting from 
the envelope (see Fig. 8), and a ceramic 
tube with an annular groove is fitted to 
the inside of the projecting metal tube. 
In a similar manner, a cap carrying the 
lead-in is fitted to the other end of the 
ceramic tube. The annular rings are 





The ground and metallized faces are 
now pressed together and raised to the 
melting-point of the metal used, thus 
forming a vacuum-tight joint. Alterna- 
tively, if it is not desired to heat the 
joint to a high temperature, a metal 
or solder with a much lower melting- 
point can be used to join the metallized 
faces. It is obvious that in the case of 
the tungsten or molybdenum surfaces it 
would be extremely difficult to use the 
first method. 

It has been suggested that the actual 
metallic layer be used as the lead out, 
but this presents a number of difficulties. 

A logical development of this method 
of sealing flat surfaces together is the 
following method of sealing a metal lead 
through the wall of a ceramic envelope, 
utilizing an annular disc attached to the 
conductor as the actual sealing means 
(see Fig. 6). A bush is formed at the 
place where it is desired to seal the lead 
through, with a hole through the centre 
of the bush of somewhat larger diameter 
than that of the lead-in. 

The flat surface of the bush is metal- 
lized by any of the methods described. 
The disc on the lead-in fits flush with 
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filled with a solder such as silver, in a 
powder or wire form. The whole is then 
heated in a reducing atmosphere or 
vacuum, the solder taking to the metal 
and the ceramic, thus forming a 
vacuum-tight joint. 

At this point a more detailed descrip- 
tion of the process is interesting. In the 
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first place, the solder is melted in a 
vacuum (thus the ceramic part is de- 
gassed considerably). Bubbles of gas 
try to rise through the solder, but as 
soon as it is fully melted a neutral gas, 
such as hydrogen, is let into the furnace 
at a pressure of several atmospheres, 
thus increasing the surface pressure on 
the solder, which is immediately cooled. 
As soon as the solder is set the furnace 
is again evacuated, air only being ad- 
mitted after the seal is quite cool. 

In this way a seal is formed in which 
the gas bubbles in the solder itself are 
compressed to a very small volume at 
the point of contact between the solder 
and the ceramic, and the seal itself is 
thoroughly degassed. 

Although the technique of sealing leads 
through the ceramic envelope has pro- 
gressed considerably, there is still room 
for a great deal more development. 

A further problem which has to be 
tackled is that of the exhaust tube. This 
problem can be approached in several 


ways. The most simple is to seal a tube 
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of one of the specially designed glasses, 
to a bush on the envelope of the valve 
(see Fig. 9). This again, however, re- 
introduces certain undesirable factors 
into the manufacture of the valve. 

Another method is that of placing the 
valve bodily in a container which is at- 
tached to the vacuum pump. The valve 
itself is then evacuated, either through 
an aperture which is covered by a mesh, 
or through the actual place where the 
seal will eventually be made. 

When the tube has been exhausted, 
in the case of the tube with the meshed 


(Concluded on page 376) 








Examples of seals in ceramic valve base 
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Review of Progress in Electronics 


V. — Photo-Electricity 
By G. WINDRED, A.M.I.E.E. 


‘* For many years it has been known that the incidence of high-frequency 
light on to the surface of a negatively charged conductor tended to 
precipitate a discharge, while Hertz showed that the incidence of the 
light on an uncharged conductor resulted in its acquiring a positive 


charge. 


These phenomena have been shown quite conclusively to 


depend on the emission of electrons from the surface of the metal, the 
electrons being set free in some way by the incidence of the light.”’ 
—Sir J. H. Jeans, ‘‘ Report on Radiation and the Quantum Theory ”’ 


1887 that a negatively charged body 

lost its charge very rapidly when 
illuminated by certain kinds of light, 
whereas a similar positively charged 
hody gave no such effect. Experiment 
showed that it was ultra-violet light 
which was particularly active in this 
way, and that light of longer wavelength 
had little or no effect upon ordinary 
metals. 

These conclusions resulted from the 
work of numerous physicists, among 
whom may be mentioned Haliwachs,? 
who can be regarded as the pioneer in 
this field. It was natural that this dis- 
covery should stimulate further research 
with a view to determining the causes 
of the phenomenon, and a vast amount 
of work was accomplished in this con- 
nexion by the famous experimenters 
Elster and Geitel, who were the first to 
establish the definite principles of photo- 
electricity in an important series of re- 
searches? commenced shortly after the 
discoveries of Hertz and Hallwachs. 

Since a negative charge of electricity 
can be regarded as an assemblage of 
electrons, it follows that loss of negative 
charge under the action of light, as in 
the photo-electric effect, must be due to 
removal of electrons from the material 
in some way. It is also evident that 
since light is the only active medium in 
this case it must be responsible for the 
ejection of electrons. Owing to the fact 
that the effect was noticed some time 
before the advent of the electron theory, 
there was considerable delay in the de- 
velopment of a definite theory. It was 
not until 1905, some eighteen years after 
its experimental observation, that a suc- 
cessful theory* was developed. 


|: was found by Heinrich Hertz! in 


General 
Theory 


Experiment revealed the fact that cer- 
tain metals showed the photo-electric 
effect with visible light, and after 
this discovery it became evident 
that the effect was likely to prove of 
considerable practical importance. These 
metals are the alkali metals, particulars 
of some of which are given in the 
accompanying table: 


Cc 


(Physical Soc.), 1924. 




















Atomic | Melting | Density 
Metal Symbol }|Number| Point 

°c, g/cm3 
Lithium Li 3 186 0.534 
Sodium Na II 97:5 0.970 
Potassium K 19 62.3 0.870 
Rubidium Rb 37 38.5 1.53 
Strontium Sr 38 800 2.60 
Caesium Cs 55 26 1.87 
Barium Ba 30 | 850 3.78 





Owing to the great chemical activity 
of these metals, special processes are 
necessary in using them. The technique 
of photo-electric cell manufacture is con- 
sequently highly specialized. 

Theoretical examination of photo- 
electric phenomena presents numerous 
problems for which it is difficult to pro- 
vide consistent or satisfactory solutions 
without adopting the methods of modern 
theoretical physics. The photo-electric 
effect has consequently provided the 
physicist with an important subject, of 
which the major details have already 
been firmly established by his efforts. 

For each particular substance there is 
a definite frequency of the incident light 
below which there is no_ observable 
photo-electric effect. This is called the 
threshold frequency of the substance, 
and is usually denoted by v . On the 
basis of modern physical theory, it can 
be supposed that light-energy takes ‘the 
form of a shower of light-quanta or 
photons, each having a definite amount 
of energy, which the quantum theory 
of Planck estimates as hv, where v_ is 
the frequency of the light and h is 
Planck’s constant, having the approxi- 
mate value 6.55x10-*" erg. sec. The 
quantum theory therefore states that the 
energy of radiation of any kind is depen- 
dent only upon its frequency. It follows 
that light of short wavelength is the 
most effective from the energy view- 
point, and we should consequently ex- 
pect this kind of light to give a stronger 
photo-electric effect for a given substance 
than would be produced by light of 
longer wavelength. This is actually 
borne out by experiment, and we have 
already noted that for a given substance 
it is necessary to employ light of more 
than a certain critical frequency in order 
to obtain the emission of photo-electrons. 

If we suppose that it requires a cer- 
tain definite amount of energy, say, E, 


to dislodge an electron from its normal 
location in a material, this dislodgment 
will occur only when the incident photon 
has energy of this amount, that is when 
the condition hv=E is satisfied. Owing 
to interatomic and_ other restrictive 
forces, a certain additional amount of 
energy is necessary actually to expel 
the liberated electron from the boun- 
daries of the substance so that for this 
condition we must have hv> E. Since 
modern physical theory shows that it is 
permissible to apply ordinary dynamical 
theory to a moving electron, we may 
equate the dynamical energy of the 
emitted photo-electron to the surplus of 
energy resulting from the incidence of 
a photon for whichhy>E in the follow- 
ing manner:— 
3mv? = hv—hv, 

This equation assumes that the whole 
of the surplus energy is used up in er 
dowing the electron with velocity. It 
accords very well with experiment, and 
has been used as a means of determin- 
ing h for different substances. Experi- 
ments by Millikan in this connexion 
have yielded values of h = 6.561 x ~” 
for sodium and 6.585 x 10-”" for lithium 
There seems little doubt that the 
effects are accurately represented by 
the foregoing theory, but their actual 
mechanism remains rather obscure, al 
though several theories have been de 
veloped to explain photo-electric action. 
One of these is based on the radiation 
theory of Bohr,* which supposes that in 
the process of emitting radiation an 
atom shrinks to a different state. If we 
assume that the process is reversible, 
the incidence of a quantum of energy 
hy on the atom will result in its expan 
sion owing to the absorption of this 


energy. 
Experimental 
Results 


It is interesting to consider the rela 
tion between the total light-energy inci- 
dent upon a photo-electric substance and 
the total energy represented by the 
emitted photo-electrons. This question 
has received the attention of Pohl and 
Pringsheim, who showed that the inci- 
dent energy was always many times the 
energy of emission. In one case it was 
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found that the total energy of the elec- 
trons emitted from a potassium surface 
was only some 2 per cent. or 3 per cent. 
of the light-energy absorbed. It seems 
reasonable to suppose that the remain- 
ing energy is expended on _ electrons 
which do not escape from the photo- 
electric substance, but actually there is 
no evidence to show that the whole of 
the absorbed energy is utilized in dis- 
turbing electrons. 

Theoretical considerations of photo- 
“electric emission have had important 
effects upon the theory of light. While 
it is possible to explain the phenomena 
of diffraction and interference only by 
means of the wave theory of light, this 
theory is incapable of explaining the 
phenomenon of photo-electric emission, 
which indicates that light is composed 
of discrete particles, each of which is 
possessed of a certain definite amount 
of energy depending upon the wave- 
length of the light. These particles, 
which we have called photons, appear 
to have a definite existence and are 
evidently indivisible, since a fraction of 
a photon is never revealed by experi- 
ment. It can be shown experimentally 
that the direction of the photo-electric 
emission under the action of plane- 
polarized light is affected by the polari- 
zation, so that the properties of light, 
in so far as polarization is concerned, 
depend upon the properties of the ulti- 
mate particles. These conditions can be 
explained only on the ‘assumption of 
polarization of the photon, and lead to 
important considerations in the domain 
of quantum mechanics. 

















Fig. 2. Photo-cell circuit which operates relay 
when cell is illuminated. 





It appears from experiment that the 
liberation of photo-electrons is practically 
simultaneous with the incidence of light. 
Experiments in this connexion give no 
evidence for the existence of any definite 
time-lag, and show that in the event of 
its existence it must be less than 1o-? 
seconds. Lawrence and Beam® have 
shown that any time-lag which may 
exist must be less than 3x 10-° seconds, 
both when the light is started and 
stopped. In this respect, the photo- 
electric effect is preferable to the photo- 
conductive effect for many practical pur- 
poses. 

By enclosing the light-sensitive sub- 
stance in an evacuated container, into 
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(Courtsey of General Electric Company) 
Fig. 1. Typical photo-cell. 


which a gas is introduced at a suitable 
pressure, it is possible considerably te 
increase the sensitivity and other charic 
teristics of the emission. The series of 
experiments in this connexion, which 
was initiated by the early work of Elster 
and Geitel,’ has resulted in a detailed 
knowledge of such effects, especially 
with. the alkali metals,, and has given 
rise to the gas-filled photo-electric cell, 
which has played such an important part 
in recent development. The sensitivity 
of such cells can be greatly increased by 
subjecting their light-sensitive element 
to a discharge in hydrogen. This also 
has the effect of increasing the sensi- 
tivity to red light; the increase in some 
cases being such that the same emission 
as an ordinary cell can be obtained from 
the specially prepared cell with light of 
nearly double the wavelength. A_ valu- 
able account of the photo-electric prop- 
erties of thin films of the alkali metals 
when subjected to these sensitizing pro- 
cesses has been given by Campbell.® 


Type of 
Cell 


The construction of photo-electric cells 
follows one general principle, although 
numerous designs have been produced 
during its period of development. Two 
electrodes, one a photo-electric element 
with a coating of one of the photo-sensi- 
tive alkali metals producing electrons 
when illuminated, and the other a plain 
electrode for receiving these electrons, 
are contained in a glass envelope similar 
to that of an ordinary radio valve. 

The envelope may be either evacuated 
or have a gas filling, according to the 


August, 1941 


characteristics required. The presence ol 
a gas filling increases emission, owing 
to the increased electron flow due to 
ionization of the gas. Owing to the 
marked chemical activity of the alkali 
metals, an inert gas such as argon, 
helium or neon must be employed in 
gas-filled cells. 


Applications 


The typical photo-electric cell differs 
from the selenium bridge not only in its 
principle of operation but also because 
whereas the selenium bridge will handle 
«a current of several milliamperes the 
output of a photo-electric cell is ex- 
pressed in  microamperes. For the 
majority of practical purposes it is there- 
lore necessary to amplify the output. 

It is in this connexion that the ther- 
mionic amplifier, so well known to the 
radio engineer, has proved an invaluable 
auxiliary to the photo-electric cell. 
Owing to the sensitiveness of the ther- 
mionic valve to small changes or grid 
potential, it is possible to control the 
output of the valve by means of the 
minute current changes resulting from 
the action of a photo-electric cell. 

Typical amplifying circuits for D.C. 
operation are shown in Figs. 2 and 3. 
In the first tcase, the connexions are 
arranged so that when there is no emis- 
sion in the photo-cell, i.e., when the 
cell is kept dark, the full negative poten- 
tial of the grid battery is applied to the 
grid of the valve. The circuit is arranged 
so that under these conditions the anode 
current of the valve is zero, or of too 
small a value to operate the relay. When 
the photo-cell is illuminated, electrons 
travel from the sensitive surface to the 
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Fig. 3. Photo-cell circuit which operates when 
light is cut off. 














collector electrode, This* migration of 
electrons has the effect of reducing the 
negative potential at the grid of the 
valve, and causes more anode current 
to flow. This increase of current ener- 
gizes the relay winding, or whatever 
other kind of device is included in the 
anode circuit. 

In the case of Fig. 3 the conditions 
when the cell is dark are precisely the 
same as before; the full negative poten- 
tial of the grid battery being applied to 
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the valve grid. When.the cell is illum- 
inated, the electrons which travel from 
its sensitive surface increase the negative 
potential at the grid of the valve, and 
thus reduce the anode current. It follows 
that with this circuit it is possible to 
arrange that when the cell is dark suffi- 
cient anode current flows to operate the 
relay. The reduction of valve anode 
current upon illumination of the cell 
can then be made to release the relay. 
It will be evident that for mains opera- 
tion, resistors may be used instead of 
batteries for obtaining the desired poten- 
tials. 

When an A.C. supply is used, a cir- 
cuit of the kind shown in Fig. 4 may 




















Fig. 4.° Circuit for operation of cell from 
A.C. mains. 





be employed. It will be noted that when 


‘the anode of the valve is positive, the 


grid is negative, owing to the fact that 
it is connected to the opposite end of 
the transformer winding. It is only 
when end A of this winding is positive 
that current can flow through the valve, 
so that rectified A.C. passes through the 
relay winding. When A is positive, the 
collecting electrode of the photo-cell is 
also positive, and consequently attracts 
the electrons which are ejected from the 
sensitive surface of the cell when the 
cell is illuminated. This migration of 
electrons causes the grid of the valve to 
become less negative, so that the anode 
current increases, and operates the relay. 
The object of the condenser across the 
grid resistance is to bring the phase of 
the grid voltage nearer to that of the 
anode voltage, so as to make the grid 
control more effective. 
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The Generation of Micro-Waves 
(Continued from page 338) 


RCA Company on developmental valves 
similar to the RCA 8341!, is plotted 
(in an attempt to make it more general) 
against an “ index transit angle ’’ @ i, 
where 9 i is defined as the product of 
the operating angular frequency and the 
transit time at a low frequency between 
cathode and grid for the peak.grid volt- 
age. This transit time may be calcu- 
lated from equation (6) or others in 
reference (6). By this method the 
transit time to the grid is represented 
by the angle 6i where the full period 
of the applied frequency is 360°. From 
the previous discussion it will, however, 
be realized that the generality of these 
curves is limited to valves having the 
same ratio for the transit times 7, and 
7, as the ones used for this curve, 

In the case of the oscillator, in addi- 
tion to the loss of efficiency described 
above we have the effect mentioned in 
(e). With a typical U.S.W. oscillator 
circuit shown in Fig. 2a, where the 
anode and grid are connected across the 
end of a transmission line, there will 
exist a fixed phase difference of 180° 
between the grid-cathode and anode- 
cathode volts. 

As the frequency is increased, the 
anode current will tend to lag behind 
the grid volts owing to transit time arid, 
therefore, the required phase relationship 
for maximum efficiency is departed from 
to a greater and greater degree as the 
transit time is increased. 

The result is that, quite apart from 
the extra power required to drive the 
grid circuit, a valve used as an oscilla- 
tor will always have a lower efficiency 
than the same valve used as an ampli- 
fier, the actual extent of the drop in 
efficiency depending on the design and 
the values of the transit times. This is 
well illustrated hy the second curve in 
Fig. 5, from which it will be seen that 
at 30 Mc when the valve as an oscillator 
stops oscillating, as an amplifier it will 
deliver nearly half of the low-frequency 
output. - 





* The input signals present in oscillators 
and power amplifiers are, of course, much 
larger than assumed in the normal transit 
time loss theory, where they are assumed 
small compared with the applied D.C. 
voltages. Unfortunately, until recently the 
transit-time effects with large signals had 
only been treated in foreign periodicals ; 
there has, however, now appeared an 
article in the English language on this 
subject.18 


Notes: Figures refer to Bibliography 
to be given in concluding article, 





The New Post Office Repeater 
Amplifier 

| WILLIAMS, writing in the 

July issue of the Post Office 

* Electrical Engineers \Journal 

describes the design of a new repeater 

and amplifier intended to replace exist- 
ing types for new work. 

Most of the present repeaters incor- 
porate attenuation-frequency equalisers, 
and both repeaters and amplifiers have 
a range of gain adjustment. In the 
new amplifier the correct output level is 
obtained by an attenuating pad and, 
where necessary, an equaliser is inserted 
so that the attenuation of each pair be- 
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tween repeaters is built out to 27 db, 

Amplifier.—The amplifier, which has 
30 db. maximum gain, was developed 
in its basic form by the Post Office Re- 
search Branch. Owing to differences in 
manufacturing technique, the two firms 
manufacturing the amplifier have pro- 
duced differing circuit diagrams. (See 
Fig.) 

The salient points of the S.T.C. 
amplifier are : 

(1) The input impedance is obtained 
partly by the 1,800 ohm resistance on 
the primary and partly by the resist- 
ance across the secondary of the input 
transformer. 

(2) The feedback is obtained by both 
series and parallel arrangements, the 
series portion being from the 600 ohms 
resistance in parallel with the 0.5 pF 
condenser and the parallel portion 
across: the 12,500 ohm resistor, 

In the G. E. Co., amplifier it will be 
noted that the details differ from those 
of the S.T.C. and that, in particular, 
the ‘‘ voltage ”’ feedback is obtained by 
a tapping on the output transformer. 
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The Technique 


tion of amateur transmitters 

has ceased for the present, more 

time can be spent on developing the 
receiving side of a station. 

Many amateurs have probably won- 
dered how their finished receivers com- 
pare with commercial products and 
whether they have obtained the maxi- 
mum efficiency, Unless absolute figures 
are obtained an aural valuation of how 
it sounds does not carry much weight 
when it comes to making definite 
comparisons, 

The intention of this article is to in- 
troduce to those who are not familiar 
with the subject of receiver measure- 
ments a few of the most used methods 
of recording receiver performance. 

Some standards have been fixed upon 
which these tests are based and for 
those who are interested, two pamphlets 
have been published by the R.M.A.,* 
which deal in full with both electrical 
and acoustic measurements. 


General 

The standard frequency for test is 
400 c.p.s. and the standard output is 
taken as 50 milliwatts in a resistive load 
connected across the speech winding of 
the output transformer. This resist- 
ance should be non-inductive and equal 
in value to the voice coil impedance at 
400 cycles, 

Sensitivity is expressed as the least 
number of microvolts or millivolts input 
at R.F. or L.F. to produce 50 mW in 
the output load. For R.F. sensitivity, 
the carrier input is modulated with 
400 C.p.s. at 30 per cent, 

There is a tendency to use an output 
reference level higher than 50 mW, for 
example, 250 or 500 mW. The reason 
for this is that it presents a better 
figure for signal-to-noise ratio in some 
locations where electrical interference 
is particularly bad and overrides the re- 
quired so mW. level. When it becomes 
necessary to use a higher output, then 
the sensitivity E (in »V) for 50 mW 
output is obtained by: 


Ne that the design and construc- 


2 
C= 
/ P, 
50 
Where E, is the input in »V to pro- 
duce P, mW output. 

The input for P, must not be so high 
as to cause A.V.C. operation otherwise 
the relationship between input and out- 
put is not constant and an inaccurate 
figure for sensitivity will be obtained. 

The apparatus required to carry out 


the described measurements is indicated 
below : 


* Obtainable from the R.M.A., 52 
Russell Square, W.1, price 2s. 
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of Receiver Measurements — Part |. 


By G. T. CLACK 
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Fig. 1. Typical circuit diagram of a standard radio receiver. 








Values of Components 


C, o.1 mfd. R, 70,000 Q R, 500 2 Ry, 5,000 2 
C, 50 mfd. R, 1.0 meg Q Rg, 1.0meg Q | Ry, 0.5 meg Q 
C,; 500 pf R,; 40,000 Q Ry, 0.25 meg 2 Rj; 2.0 meg 2 
C, 100 pf R, 100 Q Ryo 0.5 meg Q | Ryg 0.5 meg Q 
C, .or mfd. R, 30,000 Q Ry, 1.0 meg Q R,, 200 2 
C, 8 mfd. Rg 100,000 2 |; Ry 1,000 Q | 

V, = TH4B, V, = VP43, Vs; = TDD4, Vz = PENA4 








R.F, Signal Generator, 
Output Meter, 

L.F. Generator, 
Harmonic Analyser 
Attenuator box. 

The R.F. Generator should cover the 
long, medium and short wave fre- 
quencies; the depth of the modulation 
must be 30 per cent. at 400 c.p.s. at all 
test frequencies, If the modulation 
depth is adjustable up to 100 per cent. 
it is an advantage as then, among other 
tests, signal diode (modulation ampli- 
tude) distortion can be measured. 

The R.F. Attenuator must be cali- 
brated to give a continuously adjustable 
output from 1 microvolt (or less) to 0.1 
volt (or more). It must be correct to 
+ 10 per cent. up to 10 Mce/s., and 
+ 25 per cent. beyond 10.Mc/s. 

The generator must also possess 
means whereby the R.F. output can be 
modulated at a known depth by ex- 
ternally applied frequencies for measur- 
ing overall response characteristics. 
This flexibility of operation is necessary 
to obtain absolute figures to conform 
with the R.M.A. specification. 

Where the output attenuator is cali- 
brated in arbitrary ratios, it can only be 
used to obtain comparative data. 
Despite this, most of the tests men- 
tioned in this article can be carried out 
with the less expensive type of genera- 
tor and definite information concerning 


selectivity, aerial and interstage gain, 
etc., can be obtained, 

The L.F. Generator (invariably a beat 
oscillator) should have a range of about 
50 to 10,000 c.p.s. and together with this 
there should be available some means of 
obtaining accurate measurement of volt- 
age between 1 volt and 1 millivolt, This 
is usually accomplished with the aid of 
an attenuator resistance box which re 
duces the output voltage of the genera 
tor down to 1/1,o00th or 1/10,o00th of 
its original value, The attenuation is 
carried out in steps of ten, i.e., from 1 
to 1/1o0th, 1/10th to 1/100th and so on, 
including intermediate points. When 
the attenuator is connected between 
generator and amplifier it becomes a 
simple matter to calculate the voltage 
input to the amplifier by multiplying 
the generator output volts by the 
attenuation figure. 

To assist in visualising the sequence 
of testing, the circuit diagram of Fig. 
1 shows a typical receiver. The figures 
given in the test are actually taken from 
such a set and can be used to provide 
comparative figures. 


L.F. Output 


The first test to carry out is one of 
L.F, sensitivity at the grid of the out- 
put valve (V4 in Fig. 2) and reference 
to the valve makers figures will provide 
a lead, For example, with the average 
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2- to 4-watt output pentode, the figure 
given may be approximately 0.3 volt for 
50 mW.; this value of voltage at 400 
c.p.s. applied between grid and chassis 
should produce 50 mW. of audio output 
across the load. 

‘This can be measured with the aid of 
au output meter connected across the 
speech winding, with the voice coil dis- 
connected, and a reading taken direct 
in watts or milliwatts. Most meters can 
be adjusted to match any load from 2.9 
to 20,000 ohms, and it is necessary to 
adjust the input impedance of the meter 
to replace that of the voice coil in use. 

If a high resistance A.C. voltmeter is 
employed instead of the wattmeter, it 
can be connected across the primary 
winding of the output transformer in 
series with a condenser of about 2 mfd. 
(Fig. 3) or alternatively, directly across 
the load resistance connected to the 
speech winding. 

It must be remembered that where all 
‘“‘ electrical ’”’ tests are concerned, the 
speaker voice coil is disconnected and 
replaced with a resistance. This is done 
to prevent cone resonances modifying 
the results. 
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Fig. 2. 





For a valve of the PENAg4 class, 
about 0.3 volt input should produce 50 
mW output, but in practice the sensitiv- 
ity may be of the order of .4 or .5 of a 
volt. This can be due to variations in 
valves and/or in some cases trans- 
former efficiency, which can vary so 
much in practice with different makes 
that it is difficult to give a definite 
figure. 

The 400 c.p.s, signal from the L.F. 
Generator should be adjusted until the 
output reaches 50 mW. With an out- 
put wattmeter this is read directly. and 
with an A.C. voltmeter the power is 
calculated by W =E’/R, where E is the 
measured audio volts across the trans- 
former primary and R is the load pre- 
sented by the transformer. 

The transformer load should agree 
very closely with the optimum load 
figure of the valve if the maximum 
power output is required. For a 


PENAg it is of the order of 8,000 so 
the voltage developed across the 
primary for the standard output is :— 
E = ,/8,000 X .o5 = 20 volts. 
Should the sensitivity be very much 
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Fig. 3. 





lower it will be necessary to check 
anode and bias potentials and if these 
are in order the output transformer may 
be suspected for either serious mis- 
matching or shorted turns. 

The simplest procedure for ascertain- 
ing the impedance offered by the trans. 
former is to first measure the primary 
to secondary ratio by applying a known 
A.C. voltage to one of the windings and 
then measuring the induced voltage in 
the other. With the average output 
transformer it is quite in order to apply 
the full mains. voltage (50 c.p.s.) to the 
primary winding and measure the volts 
across the secondary which are of a 
fairly low order, usually between 2 te 
io volts. The mains voltage divided by 
the secondary volts will give the turns 
ratio (N) of the transformer. Then 
knowing the voice coil impedance (Zs) 
the primary impedance (Zp) presented 
to the plate of the output valve is 
obtained by 

Zp a ZN? 


Power 
Output 


For output power measurements the 
equipment normally employs a_ har. 
monic analyser and an output wattmete: 
connected as shown in Fig. 4. 

The analyser is connected either to 
the primary or secondary winding and 
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Fig. 4. 





indicates directly the percentage of 2nd 
and 3rd harmonics contained in the out- 
put. The distortion does not vary very 
much with frequency, but if this test is 
carried out at about 1,000 to 2,000 
cycles, a good idea of the average dis- 
tortion will be obtained. 

Few amateurs are in a position to ob- 
tain the use of such an analyser, but 
nevertheless power output measure- 


349 


ments can be carried out almost as well 
with a high resistance A.C. meter and 
a cathode-ray oscilloscope. (See Fig. 5). 

The input is adjusted until the peaks 
of the wave form seem on the C.R.O. 
just begin to flatten out a little (B). If 
the top and bottom peaks begin to flat- 
ten at the same time it indicates the 
transformer is fairly closely matched 
to the valve. The ideal wave form is 
that illustrated in A, but as output 
figures are based upon a tolerance of 
5 per cent. (total 2nd and 3rd _har- 
monic) distortion, it is permissible to 
adjust the input until there is just suf- 
ficient evidence (and no more) of depar- 
ture from the ideal waveform, then 


























Fig. 5. 





under these conditions the square of 
the voltage measured by the A.C. volt 
meter, divided by the anode load of the 
valve will indicate the watts output, If 
the power is calculated for a condition 
as shown in C, it will contain a very 
high percentage of 3rd harmonic which 
is most undesirable. The other condi- 
tion as illustrated in D is due to grid 
current as a result of excessive input. 

If the valve will not deliver the fuil 
rated output, assuming H.T. and other 
potentials in order, then it is worth 
while arranging for the secondary wind- 
ing to be tapped so that ratios above 
and below the calculated figure are 
available. 

It then becomes a simple matter to 
select without question the ratio whict 
gives the maximum output with the 
least distortion. 

In the circuit diagram it will be seen 
that the 1st L.F, Amplifier is the triode 
portion of V3, which also includes 
signal and A.V.C. diodes. The major 
portion of the L.F. gain takes place in 
the pentode stage (V4) which is approxi- 
mately 4o times, With the values 
given for the coupling components in 
the anode of the T.D.D.4 (V;) the gain 
for that stage is 20 times. It must be 
borne in mind that the slope of the 
triode is much less than that of the pen 
tode which is 8™8/v as opposed to 
3™4/v of the triode. 

It is necessary to arrange the L.F. 
section so that the output valve over- 
loads before the ist L-F. stage, as this 
makes sure that at all times the maxi- 
mum output can be realised with the 
minimum distortion from the previous 
stage, 

(Continued on page 360) 









‘Made in Three 
Principal Materials 


FREQUELEX—an Insulating 
material of Low Dielectric Loss. 
For Coil formers, Aerial Insulators, 
Valve Holders, etc. 


PERMALEX—aA High Permit- 
tivity Material. For the construction 
of Condensers of the smallest possible 
dimensions. 


TEMPALEX—A Condenser 
material of medium permittivity. For 
the construction of Condensers having 
a constant capacity at all temperatures. 
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“Everything 
0.K. Sir !" 


DiEvectRIC Loss problems in High 
Frequency circuits have been solved by the use of 


Bullers Radio-Frequency Ceramics. 


Many years of research and development in our 
Laboratories have brought these materials to a high 


degree of efficiency. 


They are in constant use for transmission and 
reception and play an important part in maintaining 


communication under all conditions. 


Bullers 


\ ‘/ w 
LOW LOSS 
Telephone : Walton-on-Thames 2451. 
—_ | ee 


CERAMICS 


BULLERS, LTD. THE HALL, OATLANDS DRIVE, WEYBRIDGE, SURREY 


Manchester Office: 196 Deansgate, Manchester 
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DATA SHEETS VI, Vil & VIII 


On the Resonant Length of Capacity Loaded 


1.Wave Transmission Line 


ITH the more extensive prac- 
\W tical application of wavelengths 

below 3 metres the use of trans- 
mission lines as circuit elements has be- 
come much more important. The reason 
for the superiority of transmission line 
elements is two-fold: (a) with the 
normal type of inductance the radiation 
loss, which increases rapidly with fre- 
quency, soon becomes excessive and the 
dissipative loss also becomes high. Both 
these losses may be greatly reduced 
with a properly designed transmission 
line; (bl) at very short wavelengths the 
inductance required is so small that it 
becomes difficult to provide sufficient 
coupling. to it. A suitable transmission 
line enables increased coupling to be 
obtained. 

One of the most common applications 
is that where the line forms with its 
termination an anti-resonant circuit, as 
for example when a line is used as the 
tuned circuit of an oscillator, or when a 
line acts as the tuned circuit between 
the aerial and an amplifying valve or 
diode. In both the above examples a 
line is terminated at one of its extremi- 
ties by a reactance in parallel with a re- 
sistance, and in most cases the reactive 
loading is capacitative. 

It is the object of this month’s and 
next month’s Data Sheets to provide 
charts by means of which the length of 
line required to resonate with a given 
capacity may be easily calculated, 

The sending end impedance Z, of a 
transmission line (Fig. 1a) with uni- 
formly distributed constants is given by 

E, Er + Ir Z,. tanh pl 
Z,=—= (1) 
I, Ir + (Er/Z,) tanh pl 
where Z is the line length and p is the 
Propagation Constant and 

Pp = J/(Ro + jwL,) (G, + jwC,)... (2) 
As at high frequencies with low-loss air 
lielectric lines wL,  R < 
dielectric lines wL, PD ¥®o and G, \ 
joC, we can write 

p=a+jR kee (<P 
where « = R,/2Z, = the attenuation 
constant per unit length of line ... (4) 
8 = 2x/X = the wavelength constant (5) 
and QZ = electrical length of line in 
terms of the wavelength X. 

If we now consider the case of a line 
shorted at the receiving end (Fig. 1b) 
we have Erv=o and Zs=Z,'tanh pl (6) 
r when @ is very small 

X,Sj 4Z,tanBl ae ‘aie 

From equation (7) it will be seen that 
a shorted line provides an inductive 
reactance for line lengths between 

Bl = x(n) to $x(1 +2n) (8) 
and a capacitative reactance for line 
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LIST OF SYMBOLS 


Ro Resistance in ohms per unit length 

of line. 

Leakage conductance in mhos per 

unit length of line. 

Ly Inductance in henries per unit 
length of line. 


Cy Capacity in farads per unit length 
of line. 

Z,. Characteristic Impedance of line 
in ohms. 

Z; Sending end impedance of line in 
ohms. 


Z; Load Impedance at receiving end 
of line in ohms. 

E., |, Voltage and current at sending end 
of line. 

E,, |, Voltage and current in load Zr. 


Pp Propagation Constant (=«-+-jf) 

ed Attenuation Constant (=R,/2Zo). 

B Wavelength Constant (=27/)). 

A Wavelength. 

l Line length. 

C Terminating capacity of line in 
farads. 

w os 2nf. 


A, | and the line constants must be 
expressed in the same units throughout. 











lengths between 


Bl = 4x(1 + 2n) to w(1 +n) (9) 
Also the reactance is infinite for 
Bl = 4a(1 + 2n) (10) 
and the reactance is zero for 
Bl = w(t + n) (11) 


where n is any integer (n = 0, 1, 2, 
3, etc). 

This is illustrated by the full line 
curves on Fig. 2 which is a plot of equa- 
tion (7). Expressing BZ in terms of we 
have a line acting as an inductance for 
line lengths between o and A/4, and also 
between A/2 and 3), etc. 

Now in order to produce an anti- 
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resonant circuit from a line terminated 
at its sending end by a condenser of 
capacity C, we have to adjust the 
length of line so that the resulting send- 
ing-end reactance is infinite, 

If the reactive component of Zs is 
written as (+ jXs) and the reactance of 
C = —j/wC = --jX, then it is required 
that jX, (+) Xs) 

a — = infinity (12) 
jX, + (+jXs) 
This relation can only be satisfied if 
jZ, tan Bl = jXs = jX, ... (13) 

i.e., the line acts as an inductance. 

1/oC=Z, tan Bl=%, tan (2al/2) (14) 
As we are interested in the line length 
“7”? required to satisfy (14) we write 

l= A/2z (tan-'(1/wCZ,) ) eis (15) 

In line work one generally visualises 
line dimensions in terms of fractions otf 
a wavelength; it is, therefore, more con- 
venient to express equation (15) entirely 
in terms of the wavelength A of the 
applied signal rather than its frequency, 
and also for short wavelengths to ex- 
press both A and JZ in centimetres, 
ISquation (15) then becomes 
1 = X/2n. tan—'(A/(5.3 C Z,) ) cms. (16) 
where Z and JQ are in cms., C in puF and 
Z, in ohms. 

In Data Sheet 6 Equation (15) has 
been plotted over a wavelength range 
of 74 cms. to 52} cms. in the form of a 
series Of curves for values of the pro- 
duct C Z, between o and 800 ohms x 
ppF, while on Data Sheet 7 a wave- 
length range of 40 to 260 cms. is covered 
for C Z, values between o and 4,000 
ohms x yuk. In both Data Sheets the 
length given is that required to pro- 
duce an anti-resonant quarter-wave line. 
If it is desired to employ a 3A line or 
a 5A/4 line it is only necessary to add 
to the line length given by the curves a 
length equivalent to 4A cms, or A cm, 
respectively. 

Equation (16) may be converted inte 
a more general form by expressing the 
line length as a fraction of a quartet 
wavelength : //4,\ = 
2/z.tan—'( (A/C)+5.3Z.) cms, ... (17) 
by plotting 2/4 in terms of the factor 
A/C for different values of Z, it is 
possible to produce a universal set of 
curves applicable to any wavelength. 
Such a set of curves is given on Data 
Sheet 8, from which curves such as 
shown on Data Sheets 6 and 7 may be 
computed for any other wavelengths 
with the minimum of labour. 





In next month’s issue examples of the 
use of Data Sheets 6, 7 and 8 will be 
discussed, together with the question of 
the effective length of the shorting link, 
The case of the open-ended line will also 
be treated. 
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Portable test set Type D-32-A 


This set constitutes a complete self-contained equipment for measurement of conductor resistance, 
dielectric resistance, capacity and for fault location on telegraph and telephone lines and cables. 
The set contains the following comprehensive equipment:—BRIDGE NETWORK comprising 
variable ratios and 4-decade measuring arm—TWO GALVANOMETERS (Pointer type and 
sensitive mirror galvanometer) with 10-position—-UNIVERSAL SHUNT, SHORT CIRCUIT KEY 
and REVERSING SWITCH—RESISTANCE and CAPACITY STANDARDS for determining 
galvanometer constants—66-volt TESTING BATTERY, BATTERY RESISTANCE, REVERSING 
KEY and MILLIAMMETER—PLUG COMMUTATOR for selecting test circuits. 

Mounted in leather bound teak case with all accessories, spare parts and repair kit — Illustrations 
show the instrument closed and set up for use. 


DIMENSIONS Closed 24 in. x 123 in. x 113 in. deep. 
WEIGHT 56 Ibs. 


RA BES GRC TAVE BULLET UN Wht... Be:..S-C-FP t tb): Ce REO UE S-T 
MUIRHEAD AND COMPANY LIMITER, ELMERS END, BECKENHAM, (@ 5 — 
KENT + TELEPHONE: BECKENHAM 0041 - 0042 ff 

FOR OVER 60 YEARS DESIGNERS & a 


MAKERS OF PRECISION INSTRUMENTS 
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Does It Need Clarification ? 


By W. BACON, B.Sc. 


HE decibel is a very convenient 

and much used unit. Unfortu- 

nately, like many other much used 
things, a certain amount of confusion 
has arisen over its meaning and applica- 
tion. It is the purpose of this article 
to re-state as clearly as possible the 
nature of the decibel and to offer some 
suggestions for the clearing up of the 
confusion. 

The bel is a measure of power ratio. 
If we have two powers W, and W, watts 
(or for that matter any other unit, pro 
vided it is the same in both cases) the 
first power is said to be log,, (W,/W.) 
bels ‘‘up’’ on the second power The bel 
is too large a unit for practical pur- 
poses; a unit one-tenth the size of the 
bel is hence used and is called the 
decibel. 

Thus decibels (or db)=10 log,, (W,/W:) 

The three fundamental points to be 
noted in the nature of the decibel are: 

1. It is a measure of ratio. It does 
not express absolute values, though we 
may choose some datum value and ex- 
press absolute values as db “‘ up”’ or 
‘* down ”’ on this. 

2. It is logarithmic. Hence db are 
added where the quantities they repre- 
sent are multiplied. 

If we have powers W, and W,, the 
second is 10 log,, (W./W,) db=a, up 
on the first. 

If we have powers W, and W,, the 
second is 10 log,, (W;/W,.) db =a, up 
on the first. 

Hence W, is up on W, by = 


(W,/W,) db. 
W,- W, 
10 logy, ( a —-) 
WwW. W, 


W, Ww. 

10 logy, f) +10 logu(~ , 

W, Ww, 
ad, +@, 
i.e., the db are simply added. 

3. It expresses the relationship be- 
tween two powers. s 

In spite of the fact that the db is a 
power relationship it may be used to 
express voltage ratios in the following 
manner : 

If we have a voltage V, and another 
V, both applied across R ohms then the 
respective powers are given by 

W,=V,7/R W. = V,’/R. 
Hence db up of W, on W, = 


W, V.? R 
iv wool ) 10 ioe -_ — 
Ww. R V2 
vx V, 
= 10 log( ) v0 we (—) 
V; V; 


10 logy, 





This simple formula holds so long as 
the voltages are applied across resist 
ances of equal value; if, however, they 
are applied across resistance R, and R, 


the expressions become more com- 
plicated. 
W,=V,7/R W, = V;7/R 


Hence db up of 
W, on W, = 10 log (W,/W.) 


V," R, 
= 10 log ( . —) 
Ras 


10 log (V,/V,.)? + 10 log (R:/R,) 

20 log (V,/V.) + 10 log (R./R,) 

(or alternatively = 20 log (V,/V.) 
— 10 log (R,/R,) ) 

These two cases are comparatively 
well known. A problem that is less often 
considered is that of two voltages acting 
across two impedances which are only 
partly resistive. The following relation- 
ship is then obtained : 





I, = V,/Z, I, = V./Z. 
V2R, V2R, 
* W,=1,?R,=——— and W,.= 
Z° Lae 


1 
*, db up of W, on W, 
V,7R, 


Z.? 
= 10 logy, ( vi 4 
Z,? if 


= 10 logy, (Vi/V.)*? + 10 logy, (R,/R2)+ 
10 logis (Z,/Z,)° 

20 logy, (Vi/V2) + 20 logy, (Z2/Z,) + 
10 logy, (R,/Rz 

It will be observed that putting Z, = 
R,, Z, = R, reduces the formula to the 
previous one, and putting Z, = Z, = R, 
=R, reduces it to the original. 

To illustrate the difficulties which 
arise in the application of db, consider 
the case of an amplifier used for P.A. 
work, and working from a pick-up. This 
has an input of very little power applied 
to a high resistance, and an output of 
considerable power which may be across 
any resistance, though generally one of 
a much lower order. 

Various systems may be used to 
describe the amplifying properties of 
such a unit, 

There is the atrocious one of ‘ volt- 
age db’ = obtained by using the 
formula db = 20 log (V,/V,) and en- 
tirely neglecting any change of resist- 
ance. This-has the sole virtue of show- 
ing the voltage gain of the amplifier, 
but is scientifically incorrect and fails 
to show the properties of the amplifier 
with regard to power—which is after all 
what we are trying to obtain. On 
the other hand, using the academically 
correct formula db=20 log(V,/V,)—10 
log (R,/R,) fails to give any idea of the 
voltage gain of the amplifier, though it 
does give correct information with 








respect to the power. ‘The absurdities 
to which this formula can give rise may 
be seen by considering an amplifier ot 
50,000 ohms input impedance, so db 
true power gain. By simply changing 
the input potentiometer to one of 
500,000 ohms the gain of the amplifier 
becomes 60 db, 7.e., it has apparently 
increased 10 db. Yet there would be 
no appreciable change in the real pro 
perties of the amplifier 

One drastic way out of the difficulty 
is to throw dbs overboard and state the 
properties of an amplifier as: “a” 
volts through ‘‘ b ’”’ ohms applied to the 
input will produce a power of ‘‘w”’ 
watts across ‘“‘r’’ ohms. This is true 
and comprehensive, but cumbersome 
and not easy to use for comparison pur. 
poses. It also prevents easy calculation 
of the properties of amplifiers in series. 


Author’s Suggestion 


A scheme which the author suggests 
as the answer to these difficulties is as 
follows :— 

Decibels are divided into two parts 
and instead of saying, for example, 
6 db, we might say 6 plus 3 db. Fora 
given power the first figure represents 
the “db” up of the voltage on one 
volt, the second represents the ‘‘ db”’ 
up of the resistance on one ohm, Thus 
for a voltage V across a resistance R 

db = 20 log V — 10 log R, 

or to take a practical example, 10 volts 
across 100,000 ohms gives : 
db=20 log 10—10 log 100,000= 20-50. 
In an amplifier both input and output 
would be rated in this way, z.e., for in- 
put 10 volts across 100,000 ohms ; output 
100 volts across 100 ohms, the rating 
would be: 

Input = 20 -- 50 db. 

Output = 40 — 20 db. 

Subtracting the figures in the first 
column gives us the voltage gain of the 
amplifier, 7.e., 4¢ — 20 = 20 db. Sub 
tracting the figures in the last column 
gives us the change in resistance, 7.e., 
— 20 plus 50 = 30 db. If we wish to 
know the true power gain of the ampli- 
fier we add these figures together and 
find it is 20 plus 30 = 50 db. 

The significance of the sign is 
brought out in the second example of 
an amplifier with an input of 1.0 mV. 
into 100,000 ohms and an output into 
0.5 ohms of, say, 10 volts. 

The rate is then 

Input  —60-—s0 

Output +20+ 3 
and subtracting algebraically as before, 
the result is expressed as 80 + 53 or 133 
for the true power gain. 


(Concluded on page 358) 
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(Continued from page 356) 
The system thus has the 
advantages :— 

1. It shows the absolute value of any 
power (as db above one watt, obtained 
by adding the two parts of the ex- 
pression together), and also what volt- 
age this represents applied across a 
given resistance, Thus we have an 
actual measure of the input sensitivity 
and output power of an amplifier. 

2. It automatically analyses the per- 
formance of an amplifier, showing volt- 
age gain, power gain, and input and 
output resistance, 

3. It permits of the easy calculation 
of the properties of amplifying or 
attenuating units in series. 

A further interesting application of 
this system is to the rating of trans- 
formers. A transformer of turns ratio 
T is rated as 20 log T db. Output volt- 
age and resistance db may then be ob- 
tained simply by adding this value 
numerically to each of the input terms. 
For example, a transformer rated at 
6 db, and having an input of 40 — 20 
db would have an output of 46 — 26 db. 
Expressed conventionally this is equiv- 
alent to saying that a transformer with 
a step-up ratio of 2 has an input volt- 
age_of 100 and an output voltage of 200, 
with an input impedance of 100 and an 
output impedance of 400. 


following 


Editorial Note:—Proofs of Mr. Bacon’s article 
were submitted to several radio engineers for 
comment. It is regretted that space only per- 
mits of two of the replies being printed this 
month. Further correspondence on this sub- 
ject is invited and will appear in next issue. 


DEAR SIR,—I was interested to read Mr. 
Bacon’s article on the shortcomings of 
the decibel and of his proposals for re- 
form. I am afraid, however, that these 
proposals will not receive the approba- 
tion of telecommunications engineers, 
who after all are the persons chiefly 
concerned with the decibel system. 

The Bel (and decibel) were legalised 
as the international quantities at the 
Telecommunications Conference of 
Washington, 1927, although the 
decibel had been in use for some 
considerable time prior to that date 
under the name of Transmission 
Unit (T.U.) having been first used by 
the Bell Laboratories, and American 
Telephone & Telegraph Company, It 
is, therefore, well established and this 
is a good reason for leaving it alone if 
possible. 

The prime function of the decibel is 
to express the attenuation of transmis- 
sion circuits such as overhead lines and 
cables and in such use no difficulty re- 
garding impedance arises as the imped- 
ance of a line or cable is usually the 
same measured in each direction. The 
db. in fact replaced the ‘‘ Standard 
Mile of Cable ”’ which was the quantity 
previously used to express transmission 
loss or improvement. A natural exten- 
sion was to use the system to denote 
improvement due to the use of repeaters 
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i.e., amplifiers inserted in a transmis- 
sion line to neutralise its attenuation). 
In these amplifiers the impedances of 
the inputs and outputs are designed to 
match the line and are usually identical 
so that it became convenient to denote 
the gain of repeaters in decibels. No 
difficulty need ever arise in the use of 
decibels if it is always borne in mind 
that they represent logarithms of power 
ratios. This is sometimes forgotten and 
people occasionally try and express in 
decibels quantities which have no power 
relationship, such as for example re- 
sistances. It is quite justifiable, how- 
ever, to express voltages in decibels re- 
lative to some arbitrary voltage where 
the same impedance is involved in each 
case, as for example in denoting field 
strengths in decibels relative to 1 micro- 
volt per metre. Thus a field of 10 
microvolts per metre would be + 
20 db, 

Mr. Bacon refers to the fact that in 
public address equipment there is a 
wide difference between the impedance 
of the pick-up and the impedance of the 
loud speaker, which makes it difficult 
to assess the gain of the amplifier. 

In telephone and commercial radio 
equipment it has become almost general 
practice to design equipment for an im- 
pedance of 600 ohms in the case of 
balanced circuits as this is a good aver- 
age value for the impedance of open 
line circuits and cable circuits. In cer- 
tain special cases where unbalanced, 
i.e., coaxial circuits, are used, equip- 
ment is designed for an impedance of 
75 ohms. Curves II and VI on Data 
Sheet No. 4 of your July issue illustrate 
this point. There would seem to be 
some advantage if manufacturers of 
public address equipment followed this 
example. This would mean that the 
pick-up would be combined with a 
transformer such that the secondary or 
output circuit presented an impedance 
of 600 ohms to line. Similarly the loud 
speaker would have a_ transformer 
integral with it having a primary cir- 
cuit which presented an impedance of 
600 ohms to line. All amplifiers would 
have input and output impedances ot 
600 ohms, Thus it would be possible to 
associate any pick up with any amplifier 
and any loud speaker. 

This system is already largely used 
on commercial radio telephone receivers 
and in large transmission laboratories. 
A commercial traffic receiver is usually 
built in sections each section of the re- 
ceiver proper being mounted on separate 
panels provided with break jacks and 
are all designed to have input and out- 
put impedances of 600 ohms, so that any 
section can be cut out at will and a sub- 
stitute inserted by using cords and 
plugs, generally known as “ patch 
cords,’”’ the process being referred to as 
‘* patching.” 

To illustrate the flexibility of the ar- 
rangement | may mention that I have 
seen, for test purposes, a long wave 
single side band receiver patched out in 
a few seconds to become a low power 
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single side band transmitter simply by 
reversing each section in turn. The 
same arrangement with laboratory 
equipment confers great potentialities. 
It enables any two items of equipment 
to be connected without difficulty about 
matching their impedances. Thus large 
assemblies of equipment can be mounted 
on bays and then inputs and outputs 
brought to jack fields where easy inter- 
connection is possible. 

The adoption as far’as possible of 
similar methods of building all equip- 
ment to standard impedances in other 
branches of light current engineering 
would, I feel sure, lead to simplification 
and economy in use which would justify 
the slight addition of expense involved. 

One other point, Mr. Bacon in his 
letter speaks of so many decibels up or 
down on some quantity. I suggest it is 
better to say ‘‘ plus x decibels or minus 
x decibels relative to a particular quan- 
tity.” The signs indicate gain or loss, 
—Yours faithfully, 

A. J. GILL. 

Engineer-in-Chief’s Office, 

G.P.O., London. 


DEAR SIR,—When I was taught about 
radio, the all-powerful decibel had not 
achieved the popularity which it now 
enjoys. Consequently, it has never had 
the same effect upon me as upon some 
of the advertisement writers (particu- 
larly in certain types of journal) who 
bandy decibels about just as though 
they did know what they really were. 

In its proper place, z.e., when cal- 
culating land-line losses and the neces- 
sary repeater gains, etc., the decibel is 
a most helpful unit which can save a 
vast amount of labour. When, however, 
the gain of an amplifier intended for 
P.A. work is the only information given 
about it (except the price) it is high 
time to call a halt. 

I do not know whether the P.A. 
engineer will take kindly to Mr. Bacon’s 
suggestion whereby a row of figures re- 
places, say, *‘ 12 w. into 30 (addl. out- 
put @ 15 & 7.5()’”’ or whatever the 
amplifier output is, but time will tell. 
I fear that it will be a long time before 
the box containing an amplifier will 
represent anything else to me than 
something capable of so’ many max. 
undistorted watts output for which so 
many millivolts input (direct to grid) 
are required. ‘The transformers, if any, | 
at either end being replaceable without 
affecting the amplifier, are a separate 
subject to my mind, although naturally 
when they are included permanently 
information relative to them is of 
importance. 

However, quite apart from my own 
feelings, Mr. Bacon’s ventilation of 
this important subject, and particularly 
his effort to reduce confusion by show- 
ing the decibel ‘‘ where it gets off ’” 
deserves every encouragement.—Yours 
faithfully, 

P. G. A. H. Voicr. 

London, S.E. 19. 
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...get a good job 


Interesting work — good conditions — good 
pay —they’re all waiting for you if you have a 
knowledge of radio, or aptitude for training. The 
Royal Army Ordnance Corps wants men, and wants 
them urgently, for the installation, maintenance and 
repair of Radio and Radiolocation Equipment. 
There are good opportunities for promotion from 
the ranks. And there is this further advantage — if 
in civil life you are a radio expert, you can return to 
your job after the war with a first-hand knowledge of 
all the very latest developments in radio. (N.B. Even 
though you are unskilled, this is still your oppor- 
tunity. You will be given a thorough training at a 
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in the Army! 


Civilian Institute on full pay.) Britain’s Radio 
defences must be kept in 100% working order. 
That’s why you must volunteer TODAY. These are 


the vacancies :— Approximate Pay and Allowances 
SINGLE MARRIED 


Ordnance Mechanical Engineers 
(Wireless) £435 p.a. £506 p.a. 
£337 p-a. £409 p.a. 


Armament Artificers (Radio) - - 10/3 per day 
(plus clothing, rations, accommodation and family allowance) 


Radio Mechanics (commencing at) - 3/9 per day 
(plus clothing, rations, accommodation and family allowance) 


POST THIS COUPON AT ONCE 


esuece a OU Yr me ae 
To the Assistant Director of Mechanical Maintenance, The 


War Office (MMI), Room 206, Golden Cross House, 
Duncannon Street, London, W.C.2. 


Please send full details of Wireless Positions in the R.A.O.C. 


Radio Maintenance Officers- - 





NAME 


ADDRESS 


AO2 8/41 
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Technique of Receiver Measurements (contd.) 


This can be checked quite easily with 
a C.R.O. as follows :— 

Inject a frequency, say 1,000 C.p.s., 
from the L.F. generator to the grid of 
the first L.F. valve (V3) and with the 
C.R.O. connected between plate of pen- 
tode and ground, or across the primary 
winding or secondary winding of the 
output transformer and increase the in- 
put until there are definite signs of dis- 
tortion on the observed waveform. 
Then, leaving the input fixed, discon- 
nect the C.R.O. from the pentode and 
connect it between anode and earth of* 
V3. There should be no sign of distor- 
tion until the input is increased still 
further. Should distortion exist then it 
is possible that the distortion in the out- 
put is not due to overloading, but com- 
ing chiefly from the ist L.F. stage. 
With R13 at 50,0000 there is very little 
chance of distortion occurring in this 
stage until after the pentode V4 is well 
overloaded. In this instance V3 will 
handle up to 1.0 volt input without 
serious distortion and this means that 
about 20 volts of signal is available at 
the anode. As V4 requires about 7 volts 
at the grid for maximum output V3 will 
always operate with the minimum of 
distortion. Gain and signal handling 
capacity of V3 are controlled chiefly by 
the value of the anode load, so it is best 
to compromise and employ a value that 
will handle the highest input expected 
without distortion. 
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Fig. 6. 


Sensitivity of the ist L.F. stage is 
now measured by injecting a 400 c.p.s. 
signal into the grid of V3 and adjusting 
the input until a level of 50 mW is 
reached in the output load. For the 
receiver circuit shown in Fig, 1 this 
was in the region of .o2z5 volt and this 
now enables to calculate the overall 
L.F. voltage gain (Fig. 6) to be-cal- 
culated. 

For an input of 25 millivolts to the 
grid of V3 an output voltage of 20 is 
produced, which shows a gain figure of 
‘800 times and represents a fair figure 
for the valve combination. 


It is now necessary to repeat the out- 
put power test, but this time with the 
400 c.p.s. input applied to the grid of 
V3. There should be no complications 
and the earlier figure for output watts 
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should be repeated for the same amount 
of distortion. 


A last L.F. sensitivity test is taken at 
the signal diode, It will be seen in 
Fig. 1 that the diode load acts as a 
potentiometer and delivers only a part 
of the rectified R.F. voltage to the audio 
section of the receiver. The L.F. grid 
is referred (assuming the volume con- 
trol set to maximum) to the junction 
of Rg and Rio, so the L.F. sensitivity is 
in effect reduced and dependent upon 
the ratio of Rg and Rio. For the valves 
shown only one half of the rectified 
signal is amplified. An L.F. sensitiv- 
ity measurement taken by injecting 
400 c.p.s. between signal diode anode 
and chassis was found to be about 
so mW, thus confirming the ratio be- 
tween the filter Rg and the combined 
effect of R14 in shunt with Rio. 


Much can be said about the diode load 
values and its effect on fidelity, but 
readers are referred to the many pub- 
lications that deal at length with this 
subject. 

Briefly there are two points to con- 
sider, one is the modulation impedance 
offered by the diode load between anode 
and cathode and the other is the D.C. 
resistance to the rectified carrier. The 
capacitance in the diode circuit con- 
trols the modulation impedance and 
when this impedance falls below a par- 
ticular value, set by the diode C.R. 
constants, distortion occurs on a deeply 
modulated carrier. It is desirable, if 
possible to keep the ratio between the 
D.C. and A.C. impedance as low as 
possible as then no serious distortion 
will occur. 

A test to ascertain the maximum 
depth of modulation that the diode will 
handle without distortion is to apply 
about 1 volt modulated R.F. or I.F. to 
the receiver and examine the output 
waveform on a C.R.O. First examine 
the waveform at a low level of modula- 
tion, say 20-30 per cent. then increase it 
until distortion is just beginning to 
show. The figure should not be less than 
about 80 per cent. if good quality repro- 
duction is desired. This test can be car- 
ried out at various modulation fre- 
quencies, although it is with the higher 
frequencies that the diode modulation 
impedance falls. 





Lewis’s Technical Library 


Messrs. H. K. Lewis, of 136 Gowet 
Street, W.C.2, whose library of tech- 
nical and medical books is well known 
to readers, regret to announce that 


owing to increased overhead expenses 
they have been compelled to increase | 


the subscription rate to the library as 
from July 1. 


Full particulars of their unique tech- 
nical library service can be obtained 
from the address above. A free bi- 
monthly list of new books is sent free to 
subscribers and customers. 
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A C.-R. Tube Scanning Coil 
Assembly 


COMPACT scanning coil ar 
A eement which is readily 
assembled round the neck of a 
cathode-ray tube is shown in Fig. 1 
It has several advantages when it is 
desired to accommodate the coil 
system round a constricted portion 
of the tube neck as indicated. 
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Fig. 1 (top) and 2. 





The assembly consists of a_pait 
of horizontal deflecting coils of the 
well-known “ saddle’’ variety, pro- 
vided with a surrounding magnetic 
sheath on which are wound the 
vertical deflecting coils. The latter 
coils are connected so as to set up 
mutually opposing fluxes. in the 
sheath and are arranged in the spaces 
between the longitudinal portions of 
the saddle coils. Ready assembly of 
the system is achieved by making the 
sheath in two halves with one vertical 
scanning coil wound on each half. 
The saddle coils are thus first placed 
in position on the neck of the tube 
and the halves of the sheath carrying 
the vertical scanning coils can then 
be fitted compactly over them. 





———— eee 
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Fig. 3. 


Figure 2 shows a plan view of a 
single saddle coil, H, with one of the 
halves of the sheath, S, and one 
vertical scanning coil, V, wound on 
it placed in position over the saddle 


coil. Figure 3 shows a side elevation 


of the whole assembly. 
—R.C.A. Laboratories. 
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AGM Ae YOUR AD ? 
NO... but you may not 
be solucky NEXT TIME 


Every day brings its problems — not the least of which is the dreadful possibility 
of FIRE, to engulf your premises, your factory, your stores, destroying goodwill, 
wiping out profits. 

Such a set-back is not easily remedied to-day, with the prevailing acute shortage of 
plant, premises and personnel. Do not risk this hazard — take precautions now... 
make sure there will not be a NEXT TIME. Enlist the aid of our FIRE PREVENTION 
SPECIALISTS trained over many years, familiar with every angle of the problem. 
They can survey, diagnose, and prescribe and guarantee you an immunity which 
will cover you in every way, bearing in mind your particular situation. 

This professional advice will cost you nothing, will place you under no obligation 
whatever. 


MAKE A NOTE TO CALL IN 
THE NATIONAL FIRE 
PROTECTION CO. LTD., 

TO-DAY ! 


FIRE PROTECTIGC®N 


THE NATIONAL FIRE PROTECTION CO.LTD as? ne arm mash 
PETERSHAM ROAD - RICHMOND - SURREY 





Telephone Richmond 2342-3-4 and 0406 
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An Improved Interference Suppressor 


RECENT development reported 

from the R.C.A. Laboratories 

describes an effective method for 
eliminating interference in radio or 
television. An important advantage of 
this method is that the suppressing 
action is not affected by variation in 
the strength of the desired signals. 
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Fig. 1. 





Figure 1 shows how the method may 
be applied in the sound channel of a 
television receiver. ‘The diode D, is 
the usual signal demodulator, and diode 
D, functions as a peak rectifier in con- 
junction with the  resistance-capacity 
combination R,C in its anode circuit so 
that the potential of its anode just fol 
lows the modulation envelope, as in- 
dicated by the dotted curve in Figure 
2, and never in normal circumstances 
becomes fully conducting, In the pres 
ence of an interference pulse, however, 
it conducts to an almost identical de 
gree with diode D, with the result that 
practically no interference potential 1s 
built up across the load resistance R,, 
the two pulse currents flowing in op- 
position in this resistance. Thus, with 
this circuit all interference pulses ex- 
ceeding the amplitude of the carrier 
envelope are practically entirely 
balanced out. 

It is, of course, necessary to choose 
the time constant R,C correctly to ob- 
tain this result. It must be long com- 
pared with the duration of a pulse, but 
sufficiently short for the circuit to be 
able to follow the modulation, In order 
to avoid Jengthening the incoming in- 
terference pulses it is necessary to damp 
the I.F. transformer IF T by the resist- 
ance R, in order to obtain a pass band 
considerably wider than the frequency 
band occupied by the sound channel. In 
the case of a television receiver having 
a sound channel frequency band be- 
tween 60 and 8,oo0 cycles, the I.F. 
channel is designed to pass a frequency 
band 200,000 cycles wide, the resistance 
R, is made equal to 20,000 ohms and 
the condenser C is made equal to 100 


mmfds. 


If some attenuation of the higher fre- 
quencies can be tolerated, the time con- 
stant of the R,C biasing circuit may be 
increased so that the bias ceases to fol- 
low the modulation envelope at these 
frequencies. In this case, there will be 
some loss in the higher frequency com- 
ponents of the sound signal fed to the 
low-frequency amplifier LFA, but the 
amount of interference energy fed to 
that amplifier will be still further re- 
duced. The resistance R,, which may 
be of 100,000 ohms, is shown connectea 
is series with the condenser C, of 0.025 
mmfds. and in shunt with resistance 
R,, and condenser C, and may, if de- 
sired, be variable so as to provide an 
adjustable tone control. 

Unless a tone control adjustment is 
desired which will lower the high fre- 
quency response, it is preferable that 
the condenser network should have a 
sharp cut-off just above the highest 
modulating frequency. For most pur- 
poses a simple R.C. network meets this 
requirement, but the use of an induct- 
ance coil L in the bias network may be 
desirable to increase its sharpness of 
cut-off if the network time constant has 
been made small enough to enable the 
bias to follow the sound envelope more 
or less closely. In certain cases a net- 
work consisting of inductance coils and 
a condenser only may be desirable. 


, FIXEO CLIPPING LEVEL WITH BATTERY. 








The potentials set up across the re- 
sistance R, may be used to obtain auto- 
matic gain control in the usual way, a 
filter comprising resistance R, and con- 
denser C, being provided together with 
a D.C. amplifier which reverses the 
polarity of the gain control voltage 
before it is applied to the I.F. stages. 

It will be appreciated that even if 
the bias applied to the diode D, only 
follows the D.C. and low frequency 
variation in the rectified current of 
diode D,, some advantage is obtained, 
since the level at which limiting takes 
place will be automatically adjusted as 
the mean amplitude of the receivied 
signal varies due to fading, etc. In the 
case of television picture signals, the 
bandwidth is so wide that if the bias 
were arranged to follow the picture 
signals, it would also tend to tollow the 
interference pulses and the limitation 
would not be very effective, and in 
order to obtain some useful] limitation 


the circuits in which the bias is de 
veloped are arranged to respond only 
to D.C. and very low frequency signals, 
comparable with the frequencies to 
which A.V.C. circuits are usually 
responsive, 

Figure 4 shows a circuit suitable for 
use in a vision channel and with the 
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Fig. 3. 
American type of waveform in which 
synchronising pulses correspond to 
maximum carrier wave amplitude. In- 
stead of choosing the time constant of 
the R,C combination as already des- 
scribed, it is given as large a value as 
that which would be employed in @ gain 
control circuit, so that the bias for op- 
posing the current flow in the diode D, 
does not follow the carrier envelope, 
but instead varies only in accordance 
with the strength of the incoming 
signals. In this case, the tone control 
circuit may be omitted, and the gain 
control voltage may be applied directly 
from the junction point of the resist 
ance R, and the cathode of the diode 
D, to the I.F. stages in the usual 
fashion. The circuit limits all impulses 
appreciably greater than the synchron- 
ising impulses, 

As is usual in circuits required to 
pass peaky transients, the voltage sup- 
ply filters in the I.F. amplifier, such as 
the control grid circuit filter, should be 
designed to have a very short time con- 
stant or a very long time constant in 
order to prevent ‘‘ overhang ”’ of inter 
ference pulses. 





Fluorescent Lighting Saves Metal Scrap 

Molybdenum, tantalum, © stainless 
steel, and nickel scraps are being iden 
tified and separated positively and 
quickly by characteristic colour tinges 
appearing on the different-metals under 
daylight fluorescent lighting. 

Sheet molybdenum and _ tantalum, 
especially, look alike and cannot be 
separated by inspection. With fluores 
cent lighting, however, this method is 
so foolproof that these materials are 
now sold separately with a purity gua 
antee, where formerly tantalum pieces 
were interspersed with the rest of the 
mass which had to be salvaged and sold 
as mixed scrap.—F rom Westinghouse 
Overseas Letter, May, 1941. 
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TRAINING SCHEMES MUST BE 
DEVELOPED TO THE MAXIMUM EXTENT 


*‘ Take in more new workers for training on 
the job in your own works. Remember 
that the Government will help you with 
semi-skilled men and women trained under 
official schemes.” 


(This 1s Point No. 2 of the Ministry of Labour’s 
“4-POINT PLAN TO INCREASE WAR 
PRODUCTION ” addressed to management.) 


a THE OTHER 3 POINTS IN THE PLAN ARE:— 


POINT No. 1. Skilled men are needed for the really 
skilled jobs. Be sure that each of your men is employed up 
to the very limit of his skill. Combat skilled labour shortage by 
breaking down processes wherever you can, and by training 
up your workpeople, both men and women, to jobs of 
greater skill. 


POINT No. 3. Prepare, now, to employ more and more 
women. Look constantly to women for ycur new recruits ; . 
they are excellently suited to many types of semi-skilled 

work. Hundreds of thousands must enter war production 

this year and every factory must play its part. 


POINT No.4. Efficient personnel management is essential. 
Remember that you must secure the whole-hearted co- 
operation of your workpeople. Look closely to their welfare. 
Many of them may be new to industry; be patient and help 
them all you can during the first difficult weeks. A little 
foresight will reduce your labour turnover. 








ADVICE GLADLY GIVEN ON THE DEVELOPMENT OF A TRAINING SCHEME IN YOUR WORKS 


) If you feel you would like advice on the develop- you. You can reach them through the Manager 
ment of training in your works, remember that the of your Local Employment Exchange. You can 
Labour Supply Inspectors of the Ministry of Labour obtain full particulars of the Government Training 
and National Service are ready and anxious to assist Schemes from the Inspectors or from the Exchange. 
your secretary to write for one to-day, asking for pamphlet 87/1941 to the WA BR 
Manager of the nearest office of the Ministry of Labour and National Service. K 


13 62-8: ee Ra ee SE ROY Cee CA OLR: NATHONAL SOR VECE 














REMEMBER! I you have not yet received your copy of “* THE EMPLOY- 
MENT OF WOMEN .. . SUGGESTIONS TO EMPLOYERS” instruct 
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Automatic Background Control of 
Television Pictures 


HE July, i940 number of ELEc- 
TRONICS AND ‘TELEVISION AND 


SHORT WAVE WoORLD* contained a 
brief note describing ,an automatic 
method of achieving background con- 
trol of television pictures, but although 
the method described has the virtue of: 
simplicity and produces the desired 
potentials, it cannot provide a wide 
range of values of background bril- 
jiancy. 
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Fig. 1. 





An improved method illustrated by 
the diagrams is now reported from the 
General Electric Company of America. 
‘The vision-signal amplifier V in Figure 
1 having in its grid circuit the grid- 
coupling condenser C and grid leak R 
re-establishes by grid rectification a 
signal component at its grid which is 
dependent upon the background bril- 
liancy of the transmitted picture, From 
the anode of this valve vision signals 
are fed to the control grid of the 
cathode-ray tube, but on account of the 
coupling condenser, C,, to this grid the 
background component in the signals 
is not supplied to the cathode-ray tube 
over this path, The background signal 
is, however, established separately in 
the screen grid circuit of amplifier V by 
virtue of the load resistance R, in the 
screen lead and the smoothing con- 
denser C,, and is fed to the control grid 
of the cathode-ray tube through the 
network of resistance R,, R, and R, by 
which a steady bias is applied to the 
tube. Adjustment of this bias is effected 
by adjustment of the cathode potential 
of the cathode-ray tube by means of the 
potentiometer R,. 

Preferably, the resistance R, and R, 


t Page 234 


are chosen so that the same change of 
potential drop occurs across resistance 
R, as occurs across the anode load re- 
sistance R; with change of overall bril- 
liance of the picture. In this way, the 
gain of valve V for the picture com- 
ponent applied to the modulator grid is 
the same as the gain for the D.C. or 
background component and these two 
components are thus maintained in their 
appropriate relationship. 

Selection of the relative values of the 
resistances R, and R, to produce an in- 
crease or a decrease in the voltage drop 
across resistance R, enable the back- 
ground changes to be exaggerated or 
they may be made sub-normal. Com- 
pensation may thus be effected for 
attenuation of the background com- 
ponent in the receiver preceding the 
valve V. 

Suitable values for the components 
shown are as follows :— 

Resistance R, 2.2 megohms. 


3 1 


” R ” 

ss R, 56,000 ohms. 

= R, 10,000, 

> R; I, ” 

si R, zero 

’9 C,  .25 microfarads. 
9 C, +25 ”> 
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Fig. 2. 





‘In the ‘welled arrangement shown 
in Figure 2 the lower terminal on re- 
sistance R, is connected to earth 
through a diode D, so that during the 
initial heating up period of diode D,, 
the resistance R, and hence the cathode 
of the cathode-ray tube is at the full 
potential of the rectifier D. The grid 
of the cathode ray tube is maintained 
near earth potential through resistance 
R, and it is strongly negative relative 
to its cathode. The beam is thus pre- 
vented from impinging upon the screen 
until the deflection circuits are in 
operation and the cathode of the diode 
D, is heated. 





The arrangement of Figure 3 differs 
from Figure 1 in that the lower te: 
minals of resistances R, and R, are 
connected to a point P which is negative 
with respect to earth. This arrange 
ment is preferable when it is desired to 
operate the cathode of the cathode-ray 
tube at or near the potential of that of 
the valve V so that both cathodes may 
conveniently be heated from the same 
supply source. 
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ELECTRIC CIRCUITS AND 
WAVE FILTERS 
By A. T. pay, A, a Ree nen 
A.M.LR.E. 


engineers, aK engineers, ma advanced 
students who — to get a clear and compre- 
hensive grasp of the fundamental principles 
of wave filters. The author is a well-known 
research engineer who describes in this book 
many of his own investigations. Second 


Edition. 25s. net. 





RADIO RECEIVER SERVICING 
AND MAINTENANCE 


By E. J. G. Lewis. Wireless World says : 
* The book is so practical, - replete in facts, 
and so well arranged that the reader will gain 
the necessary knowledge to work in a logical 
manner.” —It shows the service engineer what 
to do and just how to do it. 8s. 6d. net. 





RADIO RECEIVER CIRCUITS 
HANDBOOK ; 


By E. M. Squire. A useful guide to circuits 

for members of the radio industry and radio 

amateurs. It deals with the receiver in stages, 

and combines general theory with practical 
- information. 4s. 6d. net. 


from Booksellers or from Pitman’s 
39, Parker Street, Kingsway, W.C.2 
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MULLARD 


MEASURING APPARATUS 


In the present state of national emergency two 
aims have to be kept in constant view. Production 
must be increased to the limit, while wastage, 
both of time and material must be kept as low as 
possible. To achieve these results it is essential 
to maintain the closest control of materials and 
of every process of production. 


Mullard Measuring Apparatus makes use of the 
latest developmenis in the science of electronics, 
and provides industry with a range of instruments 
designed to assist both the research worker and 
the production engineer to maintain maximum 
control with minimum effort. 


In future months this space will contain details of 
individual instruments in our range with suggestions 
for their use. It is obviously impossible, however, 
to do more than indicate some of the more 
generalised applications for each instrument. If 
you have a problem which you think might be 
solved electronically, write to us at the address 
given below, and our engineers will be pleased 
to help you find the most economical solution. 


THE MULLARD WIRELESS SERVICE CO. LTD. 
MEASURING APPARATUS SECTION 


CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 





USED 
WHEREVER DEPENDABILITY 
IS VITAL 





and 


PERTRIX 


FOR RADIO, CARS, 
MOTOR CYCLES AND COMMERCIAL VEHICLES 








YOU, TOO, SHOULD USE 
DAGENITE AND PERTRIX— 


THE DEPENDABLE BATTERIES 





























: i Dr/41 
~ Sole Concessionaires : 


HOLSUN BATTERIES LIMITED 


137 Victoria Street, London, S.W.1 
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A Standard Frequency Generator 


The Hallicrafters Model H.T.7. 
List of Components 


RESISTORS 


HE Hallicrafters H.T.7_ Fre- 

quency Standard is an accurate in- 

strument for checking frequencies 
throughout the broadcast,range. It con- 
sists of a stable crystal oscillator pro- 
viding either 1,000 kc or 100 kc output, 
together with a 10 kc multi-vibrator 
and a harmonic amplifier, By means of 
a switch on the front panel, harmonics 
of 1,000 kc, 190 ke or 10 kc can be 
selected. With the output of the fre- 
quency standard fed into the receiver, 
accurate marker frequencies spaced 10, 
100 or 1,000 ke apart will appear across 
the dial in any frequency range up to 
30 Mc. 

The frequency of the 100 kc crystal 
is adjustable over a narrow range, so 
that it is possible to set its frequency 
to zero beat with a standard frequency 
transmission or domestic broadcast 
stations. A tuned circuit, placed at the 
output of the harmonic amplifier, in- 
creases the level of the higher har- 
monics. 

The 1,000 kc frequency is ground to 
a tolerance of .o5%, and has a tempera 
ture coefficient of about 23 Mc/sec. per 
°C. The 1,000 kc harmonics should 
be used only as markers to locate the 
even 100 kc divisions, and for accurate 
measurements the crystal switch should 
be placed in the 100 kc position. 

In this position the crystal has a 
temperature drift of about to Mc/sec. 
per °C. Temperature variations in 
norma! service over several hours may 
cause frequency variations of approxi 
mately 50 parts per million. 

The harmonics of the 100 ke oscilla- 
tor become noticeably weak above 7 Mc. 
\ harmonic amplifier with a tunable 
output circuit is therefore provided to 
raise the output level so that it will be 
usable through the 30 Mc band, and by 
setting the ‘‘ Band Switch ”’ to posi- 
tions 2, 3, 4 or 5, and adjusting the 
“Output Tuning” control, a_ point 
will ke found where sufficient output is 
provided for all checking purposes. 

With the crystal switch set at the 10 
ke position, a multivibrator, locked to 
crystal frequency, is connected into the 
circuit.~ This provides’ output signals 
which will be heard every 1o kc apart 
between the 100 kc points. 

The presence of the 10 kc harmonics 
allows the siandard to be set to zero 
beat with any domestic broadcast 
station if they are spaced 10 ke apart. 

For greatest accuracy in measurement 
it is recommended that the unit be 
turned on and allowed to warm up for 
at least thirty minutes before using. 

A Bliley resonator crystal in a new 
low capacity crystal holder with a 
double balance bridge circuit allows a 
high degree of rejection of unwanted 





signal even when interfering signal is 
closely adjacent. 


Specification 

GENERAL COVERAGE 

The frequency generator covers 43.5 
to 0.54 Mc/sec. in four band positions 
as follows : 

Band 1. 0.54-1.73 Mc/sec. 

Band 2. 1.7-5.a Mc/sec. 

Band 3. 5.0-15.7 Mc/sec. 

Band 4. 15.2-43.5 Mc/sec. 

The band-spread calibration covers 
the 80, 40, 20. and 10-metre amateur 
bands, 

The main tuning dial is translucert 
and illuminated when the generator is 
switched on. It is directly calibrated 
in frequency. 

Cabinet dimensions : 
gs in. high, 1og in, deep. 


19} in. wide, 


Ri 5, 


R2 
R3 
R4 
R5 
R6 
R7 
R8 
Ro 
Rio 
Ri 
R12 
R13 
R14 
R15 


~ 
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On WN 


on 


Oo 





000,000 ohms } watt. 
500 ” § ” 
25,000" 55 3 ae 
(CUA Samm 
2-500. ,, 4 RR 
20,000 ,, } be 
15,000 ,, variable. 
300 ,, 4} watt. 
30,000 ,, 4 ss 
RIAD Pings Bes 
- 1 
500,000 ,, } x 
100,000 ,, 3 Hh 
<a Sa 
rS,a00 5, - 1 - 
10,000 _,, 10 watts. 


CONDENSERS 


mfd. 200 volts. 
mfd. 400 volts. 


C1o .oo2 mfd. Mica. 
C11 ro mmfd. Mica. 


Cr2 


C13 8 mfd. 350 volts electrolytic. 
C14 8 mfd. 350 volts electrolytic. 


C15 10 mmfa. Mica. 


OSK7 
6K8 

O0SK7 
6SK7 
6SQ7 


6F 6G 
76 

80 
6H6 


VALVES 


r.f, amplifier 


first detector and oscillator 


first i.f, amplitier 
second i.f. amplifier 


diode detector, AVC and first a.f. 


amplifier 


power amplifier 


beat frequency oscillator 


rectifier 
noise limiter 


25 mmfd. Air variable. 
.002 mfd. Mica. 
.002 mfd. Mica. 
.0o2 mfd. Mica. 
.oor mfd. Mica. 
.or mfd. 400 volts. 
.or mfd. 400 volts. 
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INTRODUCE THE NEW SILENT SURGE" 


VIBRATORPACK 


Described by the ‘‘ Wireless World ’’ as *‘ A considerable step forward,’’ Masteradio Vibrator- 


packs incorporating the Patented ‘‘ Silent Surge 


” 


circuit, give remarkably Noise-Free operation 


on sensitive Communication type Receivers on any frequency. 


Obtainable for operating from 6 and |2-volt D.C. supplies with outputs of up to 20 watts. 


This vital circuit is employed exclusively by Masteradio Ltd. and has been developed for use with 


highly sensitive Communication type Receivers operating on all frequencies. 


It has been tested 


with many well-known makes with complete satisfaction. 


The new Vibratorpack is self-contained in a Cadmium Plated Steel Case measuring 8? 


3 ” 


3” z 3” 


high, weighs approximately 8} Ibs. and is therefore completely portable. 


Write for H 
full details Masteradio VIBRANT RICKMANSWORTH ROAD, WATFORD, Herts. 
‘hear. itp, WORKS Grams: MASTIOLA Phone: WATFORD 9885/9890 





Greenwood 








ADDRESS 
YOUR STAFF 
THROUGH A 


CELESTION 


LOUDSPEAKER 


with a volume sufficient to 
overcome local noise. 

The same speaker will carry 
music to your staff—true 
music, not just a volume of 
sound. 

The Celestion method of 
suspension enables the sound 
to be directed wherever you 
want it. 


Standard Model, 6 watts input. Cadmium 
plated and sprayed battleship grey 


CELESTION LTD 


Kingston - upon - Thames, Surrey 
3 Telephone : KINgston 5656-7-8 
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THE vacuum switch shown in the 
illustration is mounted on a standard 
4-pin valve base. 
It isa light and convenient relay to 
handle up to 5 amps A.C. or D.C. 
Its principal features are : 

LONG LIFE 


TOTALLY ENCLOSED 
CONSTRUCTION 


A.C. or D.C. OPERATION 


NON-INDUCTIVE CONTROL 
CIRCUIT 


ADJUSTABLE TIME DELAY 
UP TO 15 SECONDS 


WEIGHS ONLY 2 OUNCES 


Write for Leaflet No. 101-2A 
For larger relays see leaflet No. 101-2 








fr! fs 
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VIC 

Fy (oruanees 11 Seams roeseeek Ue tapensy anual TP 
HOT WIRE 
VACUUM SWITCH 


SUNVIC CONTROLS LTD., !, KINGSWAY, W.C.2 
Temple Bar 8202 
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The Universal AvoMinor and the 

.C. AvoMinor put within the reach 

- of the serious amateur a means of 
rapid precision testing of an accuracy 


unobtainable with other instruments 


in their class. Their simplicity and 
—~. versatility make short work of all the 
{ 4 — normal trouble tracking problems. 


a They are worthy members of a range 


¢ j of **AVO” Instruments renowned 
). for their high standard of work- 
=a) manship and efficiency. 
wa THE 
é t 


UNIVERSAL AVOMINOR 


\ 

Z ELECTRICAL MEASURING INSTRUMENT 
22 Ranges of Direct Readings 
D.C. A.C. | DC 


Se a 





Volts Volts Milliamps 
0- 75 milli- 0- 5-volts | 0- 2.5 millie 
volts amps. 

0- 5volts | 0-25 ,, | 0- 5 2 
0-25 , 0-100 ,, _ sae 
0-100 ,, 0-250 ,, 0-100 pe 
0-250 ,, 0-500 ,, 0-500 * 


0-500 ,, 
RESISTANCE 
0- 20,000 ohms 0- 2 megohms 
0-100,000__,, 0- 5 a 
0-500,000 ,, 0-10 a 


THE p.c. AvVOMINOR 


ELECTRICAL MEASURING INSTRUMENT 
13 Meters in ONE 






BRITISH 
MADE 






Current | Voltage Resistance 
milliamps volts ohms 
0- 6 0- 6 0- 10,000 
0- 30 0-12 | 0- 60,000 
0-120 0-120 |  0-1,200,000 
0-240 | megohms 
0-300 0-3 
0-600 


In spite of greatly increased production, most: 
of our output of “AVO ” Instruments is being : 
taken by the Services. Delay in delivery of: 
Trade orders is consequently inevitable, but: 





Regd. Trade Mark we shall continue to do our best to fulfil your : 
ELECTRICAL MEASURING requirements as promptly as pectibte. 
INSTRUMENTS @ Write for fully descriptive pamphlets and current prices. THE D.c. AVOMINoR 


Sole Proprietors and Manufacturers: 
AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co. Ltd., Winder House, Douglas Street, London, S.W.!. Phone: Victoria 3404/7 
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Tone Control Using a 
Bridge Circuit 
SIMPLE but adaptable tone con- 
A trol operated by a single adjust- 
ment has been developed by the 
General Electric Company of America. 
‘The device employs a bridge circuit, 
as illustrated in Fig. 1, in which audio 
frequency currents are fed to an ampli- 
fier valve whose anode is coupled by 
condenser to the input terminal EF of a 
bridge. The bridge consists of approxi- 
mately equal resistors F and G in one 
pair of opposite arms, and approxi- 
mately equal condensers H and J in the 
other pair of arms; the bridge is earthed 
at the input terminal K opposite E, and 
the output terminals L and M are con- 
nected through a potentiometer whose 
resistance is high compared with the re- 
sistance arms. The single adjustment is 
made by the potentiometer slider N, 
which provides control voltage to the 
grid of the succeeding output valve. 
The capacity values of H and J are 
chosen so that their reactance at a 
datum mid-point in the desired audio 
frequency range is equal to the resist- 
ances F and G. 




















op le TEANSMAS SION 2 
or >) wl Nn 
--- eH - 


FREQUENCY 
400 





When the slider contact is at the posi- 
tion marked 1 the cathode and grid of 
the output valve are connected simply 
through condenser J, thus providing a 
low reactance, and therefore a strong 
attenuation, at the high frequency end 
of the range, anda high reactance, cor 
responding to little attenuation, at the 
low frequency end of,the range. On the 
other hand, when the slider contact is 
at position 5 the grid and cathode are 
connected through resistance G, thus 
providing, by virtue of the series con- 
nection of G with condenser H, weak 
attenuation at the high frequency end 
and strong attenuation at the low fre 
quency end ot the range. At inter- 
mediate positions of the slider inter- 
mediate results are, of course, obtained 
the central position in particular 
affording constant attenuation through- 
out the frequency range. Fig, 2 show: 
the voltage transmission curves for 


five positions of the slider indicated 
in Fig. 1, in a case where the datum 
mid-point of the audio frequency range 
is taken as 400 C.p.s. 
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H.F. Tuning Inductance 


T is often advantageous to tune high 
[ teases circuits by varying the 

inductance instead of the capacity in 
the circuit, particularly when very high 
frequencies are involved. Tuning of a 
high frequency circuit may be accom- 
plished by using an inductance compris- 
ing a non-magnetic core movable with 
respect to a coil, But a disadvantage 
of such an arrangement, which is par- 
ticularly noticeable at the higher fre- 
quencies, is that movement of the 
core usually causes an increase in 
the distributed capacity of the windings 
so that the net change of frequency is 
less than it would be if the capacity of 
the coil could be maintained constant. 

These undesirable variations can be 
almost entirely eliminated by electro 
statically shielding the coil from the 
movable core, and an example of such 
an arrangement due to the General 
Electric Co, of America, is shown in 
the accompanying figures. 




















The conductor 10 is wound on a 
tubular former 13 which comprises inner 
and outer cylinders 14 and 18 of insulat 
ing material and an intermediate shell 
15 of thin metal foil. 











The shield 15, shown separately in 
Fig. 2 has a gap 16 extending along its 
entire length so that it does not present 
closed current paths linked with the 
magnetic flux surrounding coil io. 

The inductance of the coil is varied 
by means of the non-magnetic core 16 
mounted on a threaded shaft 21 ar 
ranged in a hole 20 in the end disk 19 of 
the former 13. 

The electrostatic shield 15 provides 
an equipotential surface of substan- 
tially constant capacity with respect to 
the core 12 irrespective of the position 
of the core. The inductance of the coil 
can thus be decreased or increased by 
adjusting the shaft 21 so that the core is 
moved towards or away from the coil 
io without affecting the distributed 
capacity of the winding, and maximum 
frequency variation 1s obtained for a 
given movement of the core, 
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TRANSFORMERS 





If your work is for the Govern- 
ment and you are experiencing 
difficulty in obtaining trans- 
formersfrom your usualsource, 
please get into touch with us. 


We can still give prompt 
deliveries providing yourorder 
quotes the number of the 
Government contract for 


which the goods are required. 
The latter is essential. 





King’s Bldgs., Dean Stanley St., London, S.W.1. 
GR Phone: ViCtoria 5035 ARAN 








—===0 
Incendiary 
BOMB 
Detector 


Incendiary Bombs can 
be rendered non-effective 
if they are dealt 
with PROMPTLY 











This can be done if you 
install a 


DETECTOR 


Many installations completed. 





AUTOMATIC — INEXPENSIVE 





Don’t delay—apply for particulars to: 
RADIOVISOR PARENT LTD., 
1, STANHOPE STREET, 
LONDON, N.W.1. 


Telephone ; Euston 5905/6. 

















Cece 


(Jo WEL 


Transformers Ltd. 


It would be difficult to 
enumerate the various 
types of winding and com- 
ponents which we produce. 











Sufficient to say — We 
specialise in the manufac- 
ture of Mains Transformers 
and Chokes of every type 
and size. Supplied in quan- 
tities or singly; We are 
willing also, to co-operate 
in the production of any 
proposition put to us, 
within our scope, to 
execute, with care and 
promptitude. 


Write us for particulars : 


8a Gladstone Road, Wimbledon, S.W.19 








"Phone: LiBerty 3303 





























WHAT’S THE PROBLEM 


If it is anything to do with 
variable resistance it will pay 
and profit you to consult 
‘‘ RELIANCE,”’ who, for the 
duration are privileged to 
produce high degree controls 
for the Air Ministry, Admiralty, 
Ministry of Supply, Post Office, 
etc., but are still anxious to 
help you 


RELIANCE 


Manfg. Co. (Southwark) Ltd. 
Sutherland Rd., Higham Hill 


WALTHAMSTOW, E.17 


Telephone - - - - Larkswood 3245 
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ABSTRACTS 


ELECTRONIC 


Television and C-R. Tubes 


Television Film Transmitters Using 
Apertured Scanning Disks 
(D. C. Espley and D. U. Walter) 

This paper outlines various methods 
which can be used for the production 
of interlaced signals by apertured-disk 
film scanners. A novel arrangement 
using an intermittent magnification 
optical system is described, and details 
are given of a complete transmitter 
according to this method. The con 
tinuously moving film is illuminated by 
a split optical system to remove picture 
flicker, and a device is included for the 
exact compensation of film shrinkage. 

Comprehensive details are given of 
the construction of high-speed disks and 
of punches and dies for the production 
of scanning holes only 30-40 microns 
in diameter. It is shown that, for a 
given noise level at the input of the 
vision channel, the scanning resolution 
obtainable is proportional to the 
strength/density ratio of the _ disk 
material and the limit is well above 
present television standards. 

Synchronising signals are all derived 
from the disk, and various mechanical 
arrangements are shown by which mul 
tiple and sub-multiple frequency sig 
nals are available for control purposes. 

Journ. 1.E.F., Vol. 88 (Part 3), No. 2 
page 145. 


Thermionic Tubes 





; 





Initial Velocity Currents in Thermionic 
Valves 
(J. A. Darbyshire) 

The electrons emitted from a _ ther- 
mionic cathode possess enough energy to 
enable them to reach other electrodes 
in the system providing the opposing 
potential is not too great. 

The current flowing across to any 
electrode when there is no actual 
applied potential on the electrode is re- 
ferred to as the ‘“‘ initial velocity cur- 
rent’? from the cathode to that elec- 
trode. 

The magnitude of this current de 
pends on the temperature of the emit- 
ting cathode, the contact potential 
difference between the cathode and the 
collecting electrode, and several other 
features. Experimental results are 
given which show the relative import- 
ance of these etfects on the magnitude 
of the initial velocity current—Proc. 
Phys. Soc., Vol. 53, Part 3, No. 257, 
page 219 

Operation of Electrostatic Photo- 

Multipliers 
(R. C. Winans and J. R. Pierce) 

This paper discusses the operation 
and characteristics of electrostatic 
photo-multipliers, using the Western 
Electric D 159976 photo-multiplier as 
an example to illustrate specific points 

Rev. Sci. Inst., Vol. 12, No. 5, page 
269. 
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Development of the Glow-Switch 
(R. F. Hays) 

Successful operation of hot-cathode 
fluorescent lamps is dependent upon a 
satisfactory starting device. Details 
are given of the glow switch which is a 
small, simple two-wire thermal relay 
enclosed in a~- glass envelope and 
operated by the heat from a glow dis 
charge. It is claimed that the glow 
switch performs autornatically — the 
necessary functions for lamp starting 
and is also finding application in relay 
circuits.—Electrical engineering, May, 
1941, page 22,.* 


Applications of Photo-Electric Apparatus 
(Windred) 

Characteristic curves for various types 
of photo-electric cells and typical single 
and two-stage amplifier circuits are 
given, one of which is given below. 
Electrical Engineer, June 21, 1941, 
page 188, 



































+ 
Circuits 





A Review of Broadcast Receivers . 
(N. M. Rust, O. E. Keall, J. F. Ramsay and 
K. R. Sturley) 

Considerable progress has been made 
in the development of broadcast re- 
ceivers since 1929, and this paper is in 
tended to assist the designer in taking 
stock of the present position. Part 1, 
compiled from an examination of over 
1,000 circuit diagrams is a review of re- 
ceiver circuits which have stood the 

test of production. 

Part 2 gives details of fundamental 
problems and the lines of possible 
development. Selectivity, fidelity, elec 
trical interference and automatic acces 
sory circuits for volume, frequency, 
selectivity, and remote contro] are some 
aspects of receiver design to which 
attention is devoted.—/our. /.E.E., 
Vol. 88 (Part 3), No. 2, June, 1941, page 


59. 


Voltage Multiplier Circuits 
(D. L. Waidelich) 

A circuit with a voltage output be 
tween that of the voltage doublers and 
that of the voltage quadrupler is the 
voltage tripler. Details and circuit 
diagrams of a_ half-wave voltage 
doubler, a full wave voltage doubler, a 
voltage tripler and voltage quadruple: 
are given.—£lectronics, Vol, 14, No. 5, 
page 28. 
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ABSTRACTS (covid.) 


Insulation Test Set 
(J. S. Forrest) 




















The instrument consists of a tuning 
indicator operated from a conventional 
mains supply unit. The insulation to 
be tested is connected to AB in the dia- 
gram and the leakage flows through R, 
altering the grid- potential and the 
shadow angle. 

If the insulation resistance is “r”’ 
and the test voltage ‘‘ E,’’ then r= 
k(E—E,)/E, where E, is the increase in 
grid potential due to the leakage cur- 
rent through R. For a given increase in 
shadow angle, r is thus proportional to 
Rk, which can then be calibrated directly 
in megohms. A 150,000 ohms resistor 
is connected in series with the test sup- 
ply in order to avoid overload.—I|Wéire- 
less World, July, 1941, page 178. 


Industry 

New Electrical Devices in the Chemical 
Industry 
(Howat) 


Particulars are given of the applica 
tion of the ‘electric ear’’ and the 
‘electric eye ’’’ to the manufacture of 
cement and ceramics. ‘The electric ear 
is applied to ball mill grinding and 
operates by controlling the feed accord- 
ing to the noise intensity of the mill. 
An improvement in output of 11 per 
cent. over ordinary manual control is 
claimed. The electric eye or photo- 
electric cell is applied to the regula- 
tion of the feed to rotary kilns where 
temperatures must be maintained with 
in very narrow limits. Details are given 
of the control system.—Chemical Age, 
May 31, page 305.* 


Theory 





Theory of Dielectric Loss 
(B. Gross) 

When a sinusoidal voltage is applied 
to a condenser containing an absorptive 
dielectric the absorption current can be 
split up into components, one in phase 
and another in quadrature with the 
voltage. In this paper, direct relations, 
suitable for numerical calculation, are 
established between these components, 
and a general relationship ketween the 
dielectric constant and the dielectric 
loss is given.—Phys. Rev., Vol. 59, No. 
9, page 748. 

* Supplied by the courtesy of Metro- 
politan-Vickers Elec. Co., Ltd., Traf 
ford Park; Manchester. 
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PARTS.... 





In countless instances quite intricate 
pieces of apparatus are wholly de- 
pendent on the proved reputation 
and reliability of their component 


O} ° parts. 
he All products from the House of 


Bulgin are pre-eminent for superior 
design and workmanship, and every 
article bearing our Trade Mark has 


BULGIN to pass exacting and exhaustive tests 
— during the course of its production 
-KNOBS 


That is why every manufacturer of 
national importance 
Bulgin Components. 


Lit-us send you 


Our new 128 pp, Catalogue No, 164-ET, 
fully illustrated and with technical and 
dimensional data. A valuable and com- 
prehensive reference. Price 9d, post free. 


The largest and most extensive range 
in the World. Over fifty models 
from which to choose. All sizes and 
shapes, for different classes of work 
or operation. Nearly every type 
has brass-insert, steel grub-screws 
are fitted, well sunk. For 0°25" d. 
shafts and other sizes. Finely 
moulded and highly polished. . The 
highest class Instruments use Bulgin 
Knobs exclusively. 


incorporates 


ALWAYS DEPEND ON 


BULGIN 


ee — en ee 


A. F. BULGIN &% CO, LTD., BY-PASS RD., BARKING, ESSEX 


Tel. Rippleway 3474 (4 lines) 
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Now Ready 
New Third Edition 


Henney’s 


RADIO 
ENGINEERING 
HANDBOOK 


Edited by Keith Henney 


Third Edition, 945 pages, 7x4}, flexible binding, 
836 illustrations. 35/- net 


nt this new edition of Henney’s widely used Radio Hand- 

book every section has been brought thoroughly up to 
date. Several sections have been completely re-written, 
as for example those on television, high-frequency tech- 
nique, loud-speakers and acoustics, detection and modula- 
tion, facsimile and aircraft radio. 


The engineer will find many man-hours of effort compiled 
in the form of tables and curves and converted into concise 
English by the Engineers, physicists and teachers who have 
aided the editor in preparing this new edition. 


ORDER YOUR COPY TO-DAY ———— 


To McGraw-Hill Publishing Co. Ltd., 
Aldwych House, London, W.C.2. 


(This order may be handed to any bookseller) 


Please supply ...... cop... of Henney’s RADIO 
ENGINEERING HANDBOOK, for which | enclose 


remittance £ 


CORRE EEE HEHEHE HEHEHE EHH E EES E HEHEHE EEE HEE EE HEE SESE HEHEHE EEE EES 
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INTEREST IN 


TELEVISION 
IS NOT DEAD! 


The war may have temporarily checked the 
development of television in this country, but the 
interest of hundreds of amateurs has not waned. 
If you are one of those who wish to keep in touch 
with television developments and meet fellow 
enthusiasts, the Television Society offers you every 
facility. 
The work is still being actively carried on at the 
new headquarters at 17, Featherstone Buildings, 
W.C.2, where a library and data collection has 
been installed, and a museum of historic specimens 
is in course of arrangement. 
If you are interested in keeping television “ on the 
map” and helping the work forward, write for 
particulars of membership to the Hon. General 
Secretary : 
Mr. J. J. DENTON, 
17, Anerley Station Road, 
London, S.E.20 


THE TELEVISION SOCIETY 


(Founded 1927) 
President : Sir AMBROSE FLEMING, M.A., D.Sc., F.R.S. 














Great Possibilities for 


TECHNICALLY QUALIFIED ENGINEERS 


KEY MEN IN WARTIME AND AFTERWARDS 


The finest posts and the majority of posts in 
this war are technical and when the war is 
over, the immense increase in technique and 
mechanisation created for war purposes will 
be applied to reconstruction and commerce. 
An age of great possibilities for qualified 
engineers is here. Study at home with The 
T.1.G.B. and take a Recognised Engineering 
Qualification such as A.F.R.Ae.S., A.M.I. 
Mech.E., A.M.I.E.E., etc. in which examin- 
ations T.I.G.B. Students have gained 25 FIRST 
PLACES and hundreds of passes. Write 
now for ‘* The Engineer’s Guide to 
Success *"*— 200 Courses — covering all 
branches — Aeronautical, Tele-communi- 
cation, Mechanical, Electrical, Chemical, etc. 
etc. 


THE TECHNOLOGICAL INSTITUTE OF GREAT BRITAIN 
160, Temple Bar House, London, E.C.4. 























Make sure of your 
copy regularly... 


SUBSCRIPTION 


RATES should place an order with 
All over the world 


12 Months . . . 20/- 
6 Months ... 10/- 


All subscriptions are payable in 
advance. Cheques and Postal 
Orders should be made payabie 
to ** Electronic Engineering ”’ to us. 


To avoid disappointment you 


your newsagent to deliver 
this journal each month or 


send your subscription direct 


HULTON PRESS LTD., 43-44 SHOE LANE, LONDON, E.C4 
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BOOK REVIEWS 


Elementary Mathematics for 
Wireless Operators 


W. E. Crook (Sir Isaac Pitman and Sons, 
63 pp. 42 figs. 3/6 net.) 

Mr. Crook has already produced a 
handbook for Wireless Operators, and 
this is obviously a companion volume 
to be read in conjunction with it. As 
he says in the preface, the lack of 
mathematics in radio operator trainees 
is a crushing handicap, and the fact 
that he sets out to lighten this handicap 
in 63 pages of text speaks well for his 
powers of condensation and _ clear 
writing. Necessarily a great many 
steps are omitted—the classical defini- 
tion of a logarithm is not followed by a 
definition of a base, nor is the word 
‘* characteristic ’? mentioned. This does 
not prevent the trainee from using the 
log. tables, but it places him at a dis- 
advantage when talking to others who 
have had a_ sounder mathematical 
grounding. An ‘outline of algebra’’ 
is followed by chapters on geometry, 
trigonometry, and graphs. The final 
chapter on Mechanics would, in the re- 
viewer’s opinion, have been better 
omitted in favour of more lengthy ex- 
planations of some of the algebraic pro- 
cesses. (Did any beginner ever remem- 
ber the rules for changing sign and 
apply them correctly from the start ?) 
As an adjunct to the training classes 
for wireless operators, this is a most 
useful book, and in spite of its price 
should kave a large sale. 


Wireless Servicing Manual 


(6th Edition). W. T. Cocking (Iliffe & Sons. 
300 pp. and appendix. 100 figs. 6/- net.) 

This is the sixth edition of this 
deservedly popular handbook, and in 
spite of paper restrictions the quality 
and style of the kook have not suffered. 
The diagrams are, as usual, the acme 
of legibility and neatness. 

For those who have not yet become 
acquainted with the centents, the 
chapters cover: interpretation of meter 
readings, mains hum, motor-boating, 


instability, adjustment of ganging, 
superhet, whistles and A.G.C. systems, 


to name only the principal features. At 
the end of the book a chapter on tele- 
vision receivers and the use of cathode- 
ray test gear is included. The author 
makes an interesting point which is not 
always appreciated by users of home- 
made test apparatus—the resonance 
curve traced by a C.R. tube is badlv 
distorted by inadequate 1L.f. response in 
the associated amplifier. 

The appendix forms almost a 
separate booklet, with information on 
circuit constants, valve characteristics 
and formulae. Instructions and work- 


ing diagrams are also given on making 
a capacity and resistance bridge and 
valve testing bridge. 


This book could truthfully be called 
the Service Engineer’s Vade Mecum. 
The beginner will find all that he re- 
quires, and it will help him in many a 
problem which would baffle even the old 


hand. 


Radio Laboratory Handbook 


(2nd Edition). M. G. Scroggie. (395 pp., 
including appendix. 212 figs. Iliffe & Sons. 
10/6 net.) 


Will the amateur radio laboratory of 
the future be a ‘‘ Scroggie ’’ labora- 
tory? It seems probable in view of the 
wide popularity of the first edition of 
this handbook and the still wider cir 
culation which it will have among wat 
radio men. 

The author’s revision has obviously 
heen carried out under difficult circum 
stances and yet is very thorough. He 
has corrected a formula on p. 330, to 
quote one detail, and has added an ex 
planation of the deuble-beam cathode 
ray tube. Two new sections deal with 
the use of transmission line circuits 
and the measurement of characteristic 
impedance, both of which are of import- 
ance at the present time. 

One of the outstanding features of 
this bock is that Mr. Scroggie 
describes apparatus that he has used 
and that works. There is no omission 
of vital information which is so common 
in reputedly ‘‘ practical ’’? handbooks, 
and ‘the purchaser of the book will 
never feel that his money has been 
wasted, either in buying it or in making 
the apparatus described in it. 


The Radio Amateur’s Handbook 


American Radio Relay League Publication. 
$1.00 in U.S.A. and 8/6 in this country. 


In spite of the curtailment of trans- 
mitting in this country the eighteenth 
edition of this book will have as strong 
an appeal to the amateur as ever. 

The section on transmitters and _ re- 
ceivers for U.H.F. will make many 
amateur mouths water at the present 
time, but they can pass the waiting 
time in studying the frequency modula 
tion circuits in the succeeding chapter. 
It is only to be expected that the bib 
liography at the end of each chapter 
would be confined to references to QST 
as the editorial staff of that journal 
were responsible for the production of 
the book. It is, however, suggested 
that the amateur does not confine his 
technical reading to that paper, and 
that references tc the Jour. /.R.E. or 
corresponding publications would in- 
crease the value of the handbook. At 
its price it still represents one of the 
best value-for-money books in radio 
literature. Copies can be obtained 
while they are in stock from Webbs’ 
Radio, Soho Street. 
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Mobern processes require 


precision methods—in manufacture, 


measurement and testing. 


Electronic technique permits these 
processes to be controlled to a high 
degree of accuracy. Atypical example 
is the Furzehill Stroboscope which 
measures the speed of rotating or 
reciprocating parts within 0°5 per cent. 
There may be an electronic solution to 
your problem. May we place our 


13 years of experience at your disposal ? 

Oscillographs, Ampliflers, 
Oscillators, | Frequency Stan- 
dards, Pressure Recorders, 
Vibration Analysers, Speed 
Measuring Equipment, 
Clock Timers, etc, etc 


ie 
Wrz ewile 


LABORATORIES LTD. 


BOREHAM WOOD 


HERTS 
TELEPHONE +> ELSTREE 1138 
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4) 


QUALITY 


SOUND 
EQUIPMENT 


Designed and built for reliability and 
high quality sound amplification 





Let us send 
you full 
details 


Amplifiers 
4-400 Watts 
Horns 
Microphones 
Loudspeakers 


Equipment 
available for 
priority work, 
factories, etc. 





The TRIX Electrical Co., Ltd. 
65 BOLSOVER STREET, LONDON, W.!I 
Phone: EUSton 5471/2 Grams: Trixadio, Wesdo London 


emma 
—e WARD e— 


AC/DC ROTARY 
CONVERTERS 


for operating P.A. amplifiers, Radio 
Receivers, etc. 








WE ALSO MANUFACTURE 


pc/Dc ROTARY TRANSFORMERS, 
SMALL ALTERNATORS. SMALL DC 
MOTORS, H.T. GENERATORS, MAINS 
TRANSFORMERS up to !0 k.v.a. PETROL 
ELECTRIC generator sets up to 50 k.v.a. 
BATTERY EHARG GERS for private and in- 
dustrial use, and are fully equipped for general 
small engineering work. 
Full details of any of the above upon request. 
Export enquiries invited. 


CHAS. F. WARD, 
Office and Works : 
37, WHITE POST LANE, HACKNEY WICK, E.9 


Telephone: Amherst 1393 
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PATENTS 





August, 1941] 


RECORD 


The information and illustrations on this page are given with the permission of the Con- 


troller of H.M. Stationery Office. 


Complete copies of the Specifications can be obtained 


from the Patent Office, 25, Southampton Buildings, London, W.C.2, price Is. each. 


RADIO AND COMMUNICATIONS 
Reception 


Frequency Changer 

The invention relates to radio re 
ceivers employing the beat reception 
principte and uses, preceding the mix- 
ing valve, a high frequency (signal) 
amplifier which is connected as a dyna- 
tron and serves to generate the local 
oscillation. 

The amplifier may be a _ so-called 
secondary-emission valve whose control 
grid circuit is tuned to the aerial oscil- 
lations and whose secondary cathode 
circuit is tuned to the local oscillation. 

-Philips Lamps, Ltd. Patent No 
536,440. 

Transmission 

An electric communication system in- 
cluding an unattended repeater situated 
between two attended stations in which 
the power supply for the repeater is fed 
as direct current from the attended sta- 
tions, low tension being fed from one 
of the stations and H.T. from the 
other.—Siemens Bros. & Co., Ltd., 
and J]. H, Mole. Patent No. 535,618. 

An aerial suitable for use on ultra 
high frequencies consisting of a num- 
ber of resonant radiating components 
connected to adjacent components by 
phase inverting means, and mounted on 
a centrally placed conductive mast. 
pag ope fe Wireless Telegraph Co. and 

. H. Brown. Patent No. 529,522. 


TELEVISION 


Reception 
Improved Filters 

This invention is to provide improved 
filters which are comparatively flexible 
in design and will facilitate the produc- 
tion of wide-band amplifiers of great 
selectivity and with a flat topped re- 
svonse curve such as will give good 
signal-to-noise ratio. The primary appli- 
cation of the invertion is for television 
amplifiers and intermediate frequency 
amplifiers for broadcast and similar re- 
ceivers. Although pure negative resist- 
ance produced by a valve arrangement 
is used to cancel the positive resistance, 
the cancellation of reactive effects is 
produced by quarter-line action.—Mar- 
coni’s Wireless Telegraph Co., Ltd.. 
V. M. Rust, J. DP. Brailsford and 
E. F. Goodenough. Patent No. 536,171. 
Scanning 

The invention relates to improved 
methods of bias control for thyratron 
time bases. 

In the time base a high resistance is 
connected in series with a charging im- 
pedance for the condenser, which is con- 
nected across the whole of the resist- 
ance. ‘The anode-to-cathode path of the 
thyratron is connected across a part of 
the resistance common to that associated 


with the condenser, and a grid biasing 
connexion for the thyratron is made to 
a point in the resistance chain which is 
negative with respect to the cathode. 

In order to improve the wave-form 
the resistance chain may include a 
diode. — Standard Telephones anid 
Cables, Ltd., and D. S. B. Shannon ani 
lV’. K. Chatterjea. Patent No. 536,217 
Electron Multipliers 

This invention relates to improve 
ments in electron discharge devices em- 
ploying electron multiplication in orde1 
to obtain increased intensity on the 
finally produced image. This image 
may be formed on a fluorescent screen 
when desired to view it directly or on a 
a mosaic screen when it is desired to 
transmit the image for television 
purposes, 

In one feature there is provided a 
method which causes the stream to be 
displaced laterally from its initial direc 
tion of motion, and then being caused 
to move parellel to the initial direction 
of motion to impinge normally 
upon a solid surface from which second- 
ary electrons are emitted. —AH. G, 
Lubszynski and H, Miller. Patent No. 
530,417. 

Transmission 
Gamma Correction 

The pictures of subjects transmitted 
by television, normally require a 
gamma of between 1.5 and 2.0. In order 
to produce a pleasing effect, it is usual 
to transmit television signals at a 
gamma of approximately unity and to 
allow the necessary correction to be 
affected at the receiver. 

With a mechanical or cathode-ray 
scanning tube and photo cell, the out- 
put will have the same gamma as that 
of the film which is scanned. As most 
commercial films have a gamma of 1.5 
to 2.0 some provision must be made for 
correction unless special films are 
employed. 

The required correction calls for the 
introduction of a fractional power con 
version law between the input and out 
put, and known forms of circuit ar 
rangement do not provide for the easy 
operation of such a conversion law. 

In this patent a circuit arrangement 
is described for providing an output 
potential which is related in a non- 
linear manner with an input potential. 
This comprises a triode valve in the 
cathode circuit of which a valve of high 
impedance is connected arranged to 
have its anode current controlled by the 
input potential. 

A connexion from the cathode of the 
triode is provided from which an out- 
put potential proportional to the varia- 
tion in the effective grid-cathode poten- 
tial may be taken.—dA. PD. Blumlein 
Patent No. 536,089. 
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GALPINS ELECTRICAL STORES 





TERMS : Cash with Order 


21, William Street, Slough, Bucks. 


sLoUGH 20855 








or C.O.D. Charges extra 





J ELECTRIC LIGHT CHECK METERS, small, late type, well-known _makers, in good 
condition, electrically guaranteed for 200/250 volts 50 cy. | phase A.C, mains. 5 amp. type 
6/-; 10amp. 7/6; 20 amp.,9/~each. Post |/- onall types. 


D.C. ELECTRIC LIGHT CHECK METERS, 200/250 volts 5 and 10 amps., 5/6 cach, 
post |/- (in new condition) 


REGULATORS, STARTERS AND LARGE DIMMER RESISTANCES. Stud 
Switch-arm type. State wants, 


SWITCHBOARD VOLT AND AMPMETERS MOVING COIL AND MOVING 
IRON. All first-class makers. Please state requirements. 


EX R.A.F. SWITCH PANEL, with case (new), fitted 6 small! knife switches, leads, cord 
and cleats, complete in wood case, 2/6 each, post 6d. 


VOLTAGE CHANGING TRANSFORMERS (Auto Wound), 100/110 to 200/240 v. or 


vice versa, fully guaranteed, 1,000 watts, 60/-, 


DUG-OUT LAMPS. Ex R.A.F. solid brass construction, glass dome complete with 12 
wt bulb, ny bulb can be fitted), wall fitting 3/- each, post 6d. Ditto wing type, as new 
6, post 


DUG-OUT LAMPS. Ex R.A-F. Porthole type or can be bracket fitted, Glass dome three 
colour fitting, white, red or green, solid brass construction, 6in, dia., complete with bulb, 
any size bulb can be fitted. Price 5/- post 6d. 


ae D.C. to D.C., 110 volts input to output of 600 volts at 
m/a., 65/- 


+ HLP. 110 V. D.C. MOTOR, as new, ball bearing totally enclosed, 30/- carriage forward. 


EX R.A.F. AUTOMATIC CHARGING CUT-OUTS AND VOLTAGE REGULA- 
TORS to suit any dynamo up to 20 volts at 15 amps, fully adjustable, wiring instructions 
complete in metal case, 3/6, post 


GUNMETAL PULLEYS, 7-in. dia. to take |-in. dia. rope, complete with rope guard 
and hook. 7/6 each, postage I/-. 


FLOOD LIGHTS, 12 in. dia., multi mirror type with 5 in. dia Mangin mirror centre 
any bulb can be fitted. -, carriage paid, 


pot pany son 150 C.P. Ediswan screw fitting, half-watt gas filled, 2/6 each post free 
- per do 





ALL GOODS SENT ON THREE DAYS APPROVAL AGAINST CASH LS 


HOT WIRE AMMETER, 5 in. dia., reading 0-2 amps, 15/- post free. 


POST OFFICE eweng KEYS, standard pattern, solid brass construction, in first- 
class condition. 15/- post free. 


PRESS-BUTTON UNITS, 8-way, 7x 6x 1}, fitted itators, cond s, etc., for 
3-gang tuning. Price 5/6 post free. 


LARGE TRANSFORMER, double wound, primary 230 volts input, output 300-0-300 vy. 
capacity 3 kw. Price £3 10s. Od. carriage forward. 


TELEPHONE MAGNETOS or hand ation generators, 3 and 4 magnet type, unboxed 
in good working order. Price 7/6 post free. 





8-WAY Press-Button switches fitted paxolin terminal strip, 2/6 each post free. 


ROTARY CONVERTER D.C. to A.C., input 220 v. 9 amps. ; output 85 volts, 50 cycle, 
single or 3 phase, in perfect working order. One foot broken off (missing). Price 
£12 10s, Od. carriage forward. 


H.T. 8 METAL RECTIFIERS, secondhand, but in perfect condition, 7/6 post free. 


P.A. SPEAKER CABINETS, not polished, size 22 in. by 18 in. by 13i in., to take 14 i in. 
dia. cone, the whole made of 4 in. thick plywood. Price 20/- carriage 2/6 ; Ditto, in 
Rexine, slightly soiled, 17/6, carriage 2/6. 


WIRELESS CHASSIS, late type (Bomb damage surplus), fitted very useful components 
all round for repairs, etc., these components will shortly be unobtainable, so buy now. 
Price 7/6 or 12/6 each carriage paid. 


UNIVERSAL CHASSIS, late type, all penne sound, no valves, 4 and 5 Valve m odels 


worth double, for parts only. Price 


ASSORTED WIRE END resistances and tubular condensers, all good and usefu ] sizes 
2/6 per doz., post free. 


SMALL TRANSFORMERS for rewinding, sound windings on but rating unknown 
Price 4/6, post $d. 


1 KW. TRANSFORMER, for rewinding, fitted round mains winding (Ex large tunger 


rectifiers). Price 35/-, carriage forward. 
2 KW. TRANSFORMER, ditto as above. Price 50/+, carriage forward. 


EPOCH, Super Cinema Loud Speaker, 20-watt size, 6 volt 2 amp. field, in good working 
order. Price £3 10s. Od., carriage forward. 














LOUDSPEAKER 
& TRANSFORMER SERVICE 


(BRITISH AND AMERICAN) 


TRANSFORMERS DESIGNED AND REPAIRED. 
NEW SPEAKERS 5” to 18” P.M. and MAINS 
ENERGISED. 


SPEAKERS OF ALL KINDS FROM 10/6. 


SINCLAIR SPEAKERS 


12, PEMBROKE ST,, COPENHAGEN ST., TER 4355 
LONDON, N.I. 























; 
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“COSMOCORD” 


CRYSTAL 
PICK - UP 


LICENSED BY BRUSH 
CRYSTAL CO., LTD., 
under Brit: Pat. Nos. 
366,252 and 454,595 


Retail Price 25/- Plus Tax 


SOLE SELLING AGENTS 


SALE, TILNEY & Co., Ltd., 


3, LLOYD’S AVENUE, LONDON, E.C.3 
i J 














Keeping in touch 


With half the world at war, and amateur transmitting 
either suspended or heavily restricted, there are few 
ways of keeping in touch with latest short wave 
developments. 


The T&R Bulletin, official Journal of the Radio Society of 
Great Britain, is the only medium whereby British Isles 
amateurs can maintain contact with one another, at the same 
time keeping themselves abreast of technical progress. 





Many hundreds of new members have joined the Society during 
the past few months, thus helping to create a stronger and 
more virile organisation for the future. 


If you are not a member, send I/- for a copy of the July issue of 
The T & R Bulletin, the first in Volume 17. 


PRINCIPAL CONTENTS 
From Service Operator to Post-War Amateur—A 10 kc/s Multi- 
vibrator—Ultra-high Frequency Propagation—‘‘ Radio Location ”’ 
—Mathematics for the Radio Amateur (Trigonometry) : Second 
Series, Part |—The Air Training Corps—Khaki and Blue: On 
Active Service—The Month ‘‘ off ’’ the Air—The 28 Mc. Band : 
Ham Radio Crosswords—District Notes and News—New Member 
Lists. 

MEMO.—Have you obtained your copy of ‘‘ The Amateur Radio Hand- 
book’’ ? 328 pages. 25 sections. Price 4/- post free. 


All communications to The Secretary-Editor, 
RADIO SOCIETY OF GREAT BRITAIN 
16 Ashridge Gardens, London, N.13 
Telephone: PALmers Green 3255 
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Ceramics in Valve Construction 
(Coutinued from page 344) 


aperture, some form of solder is melted, 
thus filling the holes in the mesh and 
forming a vacuum-tight seal. In the 
other case, the seal is moved into posi- 
tion and soldered in a similar manner. 

The latter method of pumping the 
valve appears to be the most satisfac- 
tory, and a similar method of pumping 
all-metal valves is at present being pro- 
duction-tested in the United States. 

In general, while great strides have 
heen made since the original attempts 
to use glass as sealing means, dévelop- 
ment has by no means reached an 
optimum. 

It is noticeable that very little work 
has been published other than in Ger- 
many, workers in this country and the 
United States having left the field almost 
entirely to the Germans. 

Although great strides have been made 
in the generation of ultra-high frequen- 
cies, in most cases a more or less con- 
ventional glass construction has so far 
been used, and it is hoped that this 
article will stimulate the development of 
a more specialized method of construc- 
tion for these frequencies. 





TABLE I, 
Coefficient of 
Material. Thermal 

Expansion. 
Copper se ee -- 165 x 10-7 
Lava ee ae oe ee Hs 
Platinum .. ie 10-7 
“*M-Glass ”’.. ~ sy 79 x 10-7 
“ 357" Glass + ive 66 10-7 
Commercial Steatite -- 60to 70 x 10-7 
Low Loss Steatite .. ae 60 to 65 10? 
Molybdenum : 18 to52 x 10-7 
Tungsten 40 to 45 x 10-7 
Porcelain 30 to 60 10-7 











All figures for 20°C. to 100°C, approximately. 





OFFERS! 
ne 


R.M.E. 69, built-in noise limiter, D.B.20 Unit, and 
Speaker in Cabinet, like new ... eS 0 (0 
PHILCO EMPIRE 22 Auto-radiogram, 20 valves, 
all-wave, cost £100. As new ... - moe 8 ® 
CELLOPHONE All-wave Radiogram, with ribbon 
type records, including small collection. Shop- 
soiled only. Cost 60 guineas -. 7 1 @ 
GENERAL ELECTRIC Radioforte Console, 7 valves, 
14 push buttons, 200/550 metres. Attractive 
cabinet. Dem. soiled ... * ove ae 
McMICHAEL Cabriole 5 v. Console, med. and lon 
waves, 1938 model, perfect order Se £6 15 6 
AMERICAN PRESTO Jr. Recorder, portable, with 
enclosed amplifier, speaker, etc., and six 12” blanks, 
asnew.... ane ad no aa 00 
V.G. SIMPLAT 1940 Super Recording Amplifier 
(2 PX4s), controls, bass and treble corrector. 
00 


alec 
A.C.S. 


Dem. soiled pon rhe i ae 
CATHODE DRIVE, (20 watt IJ valve American 

Amplifier, latest type, two chassis, asnew £35 0 0 
SCOTT ANSON Imperial Auto-radiogram Cabinet, 

finished light Finmar, good condition £12 10 O 


Many more items. Callers preferred. 


A.C.S. RADIO sromuey kent 
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A Method of Detecting Metallic 
Foreign Bodies 


Recently a speaker on the German 
Radio described a new device by which, 
he claimed, bullets, shell splinters, 
needles and other meta] objects can be 
readily located. 

This metal finder developed by 
Siemens and their medical advisers de- 
pends on the use of a high frequency 
oscillator of small] intensity, The tun- 
ing coil of a small short-wave trans 
mitter is fitted into a sterilisable porce 
lain probe, 10 cm. long and 10 mm. in 
diameter. If this coil approaches a 
metallic substance, such as a splinter in 
the operation area, the inductance of 
the coil will change and hence so will 
the frequency of the transmitter. The 
change of frequency which may be very 
minute, can be made audible by com- 
bining these oscillators with those of a 
second short wave transmitter, oscillat- 
ing at a slightly different frequency and 
so obtaining oscillations at the beat 
frequency, amplifying them and pass- 
ing them to a loudspeaker. 

The apparatus is extremely sensitive 
and can trace the minutest particles, 
but all metal instruments within a 
10 cm. radius must be removed while 
the probe is in use.—Lancet, May 31, 
1941, p. 699. 





G.E.C. ** Microgram ”’ 


A modified and improved version of 
their ‘‘ Microgram ”’ amplifying equip- 
ment is announced by the General 
Electric Co., Magnet House, Kingsway 

It embodies a three-stage amplifier 
with microphone and gramophone in- 
put, transverse current microphone, 
turntable, and 50 ft. of cable, contained 
in a portable oak cabinet 20} in. by 
17in, by 133 in, Both inputs can be 
independently controlled. 

The maximum power output is 14 
watts, and the equipment is particularly 
suitable for use in factories where it 
may be subjected to rough usage. 
Inquirers should ask for Leaflet BC. 


9330. 








WALSALL EDUCATION COMMITTEE 
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Classified Announcements 
SCALE OF CHARGES 


The charge for miscellaneous advertisements on this 
page is 12 words or less 2/-, and 2d. for every 
additional word. Single-column inch rate displayed, 
12/6. All advertisements must be accompanied by 
remittance. Cheques and Postal Orders should be 
made payable to Hulton Press, Ltd., and crossed, and 
should reach this office, 43, Shoe Lane, London, E.C.4, 
not later than the [5th of the month previous to 
date of issue. 











FOR SALE 
GEISSLER TUBES, Several large types for dis- 
pesal. Price 8s, 6d, post free, SUPERSONIC 


LIGHT CELLS still available-—H, E, SANDERS 
& CO., 4, Grays Inn Road, London, W.C,1. Chancery 
8778. 





LOUDSPEAKERS 


3,000 SPEAKERS P.M. and energised 4” to 14", 
including several Epoch 18”. Sinclair Speakers, 
Pulteney Terrace, Copenhagen Street, N.1. 








MISCELLANEOUS 


ALL TYPES of Rotary Converters, electric motors, 
battery chargers, petrol electric generator sets, etc., 
in stock, new and second-hand. 

A.C.-D.C. Conversion Units for Operating D.C. 
Receivers from A.C. Mains, 100 watts output, £2. 10 
1§0 watts output, £3. 10. 

WARD, 37, White Post Lane, Hackney Wick, E.9. 








LOUDSPEAKER repairs, British, American, any 
make, 24-hour service; moderate prices.—Sinclair 
Speakers, Pulteney Terrace, Copenhagen Street, N.1. 


MORSE EQUIPMENT 


FULL range of Transmitting Keys, practice sets and 
other equipment for Morse training.—Webb’s Radio, 
14, Soho Street, London, W.1. Phone: GERard 2089. 











MORSE TRAINING 


FREE. ‘Book of Facts,” tells you all about The 
Candler System of Code training. urses for Begin- 
ners and Operators.—Write : Candler System Co. (55B) 
121, Kingsway, London, W.C.z2. 


RADIO MAP AND GLOBE 


WEBB'S Radio Map of the World enables you to 
locate any station heard. Size 40” by 30” 2 colour heavy 
Art Paper, 4/6d.,post 6d. Limited supply on Linen,10/6, 
post 6d. WEBB’S Radio Globe—superb 12” full 
colour model. Radio —. zones, etc. Heavy 
oxydised mount. Post Paid. 27/6.—Webb's Radio, 
14, Soho Street, London, W.1. ’Phone: Gerrard 2089. 














TUITION 


WIRELESS. Students of both sexes trained for im- 
portant War-time Radio Appointments, also for peace 
time careers in all branches of Radio & Television. 
Boarders accepted. Low inclusive fees. College in ideal 
peaceful surroundings. Prospectus Free. Wireless 
College, Colwyn Bay. 
PRACTICAL POSTAL COURSES, radio television, 
test equipment design, trade-test coaching for R.A.F. 
t, I.P.R.E. and I.W.T. exams.; booklet free— 
retary, I.P.R.E., Bush House, Walton Avenue, 
Henley-on-Thames. 








The Walsall Technical College is prepared 
to receive applications from suitable qualified 
persons able to act as temporary full-time 
instructors in Army courses demanding know- 
ledge of Radio Engineering and radio service 
work. 

Applications to be made to the Principal, 
Technical College, Bradford Place, Walsall. 


V. J. MOORE, 
Director of Education. 


Education Offices, 
Darwall Street, Walsall. 











WANTED, 


ALL TYPES of used Radio Sets, Radio and Elec- 
trical accessories. Bought for cash. University Radio, 
22 Lisle Street, W.C.2. *Phone: GER. 4447. 
KIT OF PARTS, complete or incomplete, fot 
Fultograph.—Write sending specification to Box 642, 
Hulton Press, Ltd., 43-44, Shoe Lane, London, E.C.4. 
WIRE RECORDING APPARATUS ASSEMBLY. 
Full details to Box 643, Hulton Press, Lfd., 43-445 
Shoe Lane, London, E.C.4. 














* BOOKSELLERS TO THE WORLD ¥ 
New and secondhand Books on every subject. 
Join The Scientific Book Club! 


113-125 Charing Cross Road, London, W.C.2 
Telephone : Gerrard 5660 (16 lines) 








MOVING COIL PICKUPS 
“Coil” and Voigt Stockists 


HOLIDAY & HEMMERDINGER Ltd. 
74-78, Hardman Street, Manchester. 
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A.S.C. Radio ’ hs EMERGE Y 
RELAYS Air Ministry Infarenetion Bureau .. ve acs) ae Tt} LESDIX” ENC 
All-Power Transformers, Ltd. 370 
For A.C. and D.C. Automatic Coil Winder and Electrical Equipment LIGHTING 
Co., Ltd. 368 : : : 
2V.A. coil consump- British Institute of Eng. Technology ‘oh “Cover iii Emergency Electric Lighting for Shelters, 
wives P- | British Radio Engineering —— ek Cover iii | Headquarters, homes and factories. 
tion, from 2-600 volts, aeieme re > co. as hy ih 2 Have your own Petrol-Electric Lighting and Charging 
tested to 2000 volts. Bullers, Ltd. ‘ ny os 4 Plane. 500-watt, single cyl. 2-stroke, 


Celestion, Ltd. 

Time lag relays, High | Du Bois Co., Ltd. 

bike Edison Swan Elec tric Co., “Ltd. 
- Sensitive Relays, Syn- | Fiuxite, Ltd. 


water-cooled, self-oiling Pela- 
pone engine mag. ign. coupled 
to 50/70 volts, 10 amps., 





























Foyles’, Ltd. shunt dynamo, 1,000 r.p.m. Fuel 
chronous Process Furzehill Laboratories, Ltd. and Water Tanks. These are 
: Galpins : 
Timers, and complete wanes Winns Ca. tal” £45 sets ready for immediate 
Control Plants. Haliday & Hemmerdinger, | Ltd. = delivery. Price £17 10 0 
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esiie ixon ° eee ove eve ees over itt 
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National Fire Protection Co., Ltd. f <n. ee 
Electrical Remote Control Engineers & Manufacturers | Partridge, N. ink i : see sin ved LESLIE DIXON & co. 
Pitman's ... ue ies “er wus 4 
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RADIOLOCATION! 


The word should have been coined for the new 
EDDYSTONE 358 Communication Receiver ; instead, 
it has come to represent to the man in the street the 
latest developments in radio technique applied to 
locating hostile aircraft, U-boats, etc. 


For ‘‘ Radiolocation ’’ of those long distance ‘‘ Difficult- 
to-Receive ’’ Short Wave Stations for the reception of 
which precision instruments only are of use, the 
Eddystone ‘‘358,’’ like the famous 

lighthouse, represent a landmark in 

Communication Receiver design. It is 

ruggedly built, British to the core, and 

our engineers have incorporated every 

advanced detail to 

assure that _per- 

formance shall be 

equal to present- 

day tasks. 


Outstanding 
Features. 

32 Mics. to 120 K/cs. 
Accurate calibration. 
High sensitivity. Very 
high signal-to-noise. 
Logging scale. All- 
circuit meter. Separ- 
ate power pack. 


EDDYSTONE components and Receivers have for some time been difficult 
to obtain. The demand is still colossal, mainly from Government Depart- 
ments, but we have overcome most of our war-time set-backs and have 
now inENERGETIC PRODUCTION a range of components to meet most 
requirements. This range is being added to quickly. The ‘‘358’’ and 
its counterpart medium frequency model ‘‘ 400 ’’ with or without band-pass 
crystal filters are available for 
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